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INTRODUCTION. 


The great practical use of machinery to a 
couunercial country is so well known, and 
its superiority to animal force so universally 
acknowledged and felt in every branch ofour 
manufactures, that but little apology will be 
necessary for introducing to the man of sci¬ 
ence and practical artizan, a work, the avowed 
object of which is, to render the uses and ge¬ 
neral principles of the Steam Engine familiar 
to every class of persons. That it has enabled 
England to support a proud pre-eminence, 
both in arts and political power, is equally 
apparent; and it is a fact much to be deplored, 
that while some of the least important of the 
arts connected with domestic life, have been 
illustrated and explained by men celebrated 
for scientitic research, a description and ac- 
ro" iit of the uses of this stupendous machine, 
Muve been left to the Cyclopedias and other 
works of a general nature. 



INTRODUCTION. 

Tbe ptincipal object to be attained by the 
of the Steam Engine, as well as 
every other species of machinery, being the 
reduction of animal labour, it may be advis¬ 
able, before we proceed to the more imme¬ 
diate subject of the present work, to com¬ 
pare the various species of artificial power 
that have hitherto been employed for that 
purpose; and by this m^^bod we may be 
enabled to calculate with certainty and pre¬ 
cision, on the most economical mode of pro¬ 
ducing a given force. To form, however, an 
accurate estimate of the saving thus effected, 
it will be necessary to examine, though but 
briefly, the amount of animal force and its 
result as applied to ii^achinery. 

From the must accurate observations, 
appears, that the physical powers of the hu¬ 
man race differ very widely, not only in va¬ 
rious individuals, but also indifferent climates; 
the value of a man therefore, as a working 
machine, will not be so great beneath the 
torrid zone as in the more temperate climate 
of Europe. This will serve to illustrate the 
great advantage which our Colonists, parti¬ 
cularly in the West Indies, would derive from 
the more general employment of inanimate 
fofpe ; the day labour of a negro in the sugar 
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countries, amounting to littte more 

third of that performed by an Eutdf^pl^ie- 

chanic. ^ 

A labourer working ten hoiirs'per day, can 
raise in one minute a weight ^uivalent to 
3750 pounds one foot high, or about sixty 
cubic feet of water in the same time; while 
the power of ^ horse working eight hours 
per day, may be correctly averaged at 20,000 
pounds. Smeaton states, that this animal, by 
means of pumps, can raise two hundred and 
fifty hogsheads of water ten feet high in an 
hour. It is a well known fact, also, that men 
when trained to running, are able on the 
average of several days being taken, to out¬ 
strip the fleetest horse; and yet it will be 
v«een from the above statement, that his force, 
if properly applied, is at least six times that of 
the most powerful man. 

The use of water as an impelling power, 
both for the turning of machinery and other 
purposes connected with the useful arts, ap¬ 
pears to have been known at a very early 
period. Vitruvius describes a variety of ma¬ 
chines for this purpose, the earliest of which 
were employed merely to raise a portion of 
the fluid by which they were impelled. The 
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mml simple method of applying this element 
as a^^f<manical agent, evidently consisted in 
the construction of a wheel, the periphery of 
which was composed of a number of float- 
boards. on being exposed to the action 

of a running sti^m,.was afterwards employed 
to give motion to a variety of mills, and is 
at the present time employed in almost 
‘ every species of machineryi% . 

Amonff tlie most celebrated hydraulic ma- 

O 

chines, we may enumerate the Machine of 
Marly. This, when first constructed, appears 
to have produced one-eighth of the power 
expended, so that seven-eightlis of its power 
were usually lost. Tiiis misapplied power lias 
been injurious to the engine; and tlie wear 
it has occasioned, has reduced the mechanical 
effect very materially. But this may be con¬ 
sidered as an extreme case, and we select it 
merely as an instance of that total ignorance 
of the first principles of mechanics, which 
characterized some foreign engineers of the 
last century. 

It may, however, be advisable to examine 
the ratio of power expended in comparison 
with that of the effect producetl in some of 
tlie most simple hydraulic machines; and by 



INTRODUCTION. 



this calculation, the amount of frictiojD, &C. 
maj be accurately ascertained. 




Undershot water wheel. 9 = 3 

Overshot do. . 10 == 8 

Hydraulic Ram. (This machiivc^ 
will make from 20 to 100 

per minute.) .1. 10 = 6 

Large machine at Chremnitz, 

(each stroke ^j^upying about 

three minutes.) . g = 3 


But the water-mill, which is the usual ma¬ 
chine employed, even in its most improved 
form, is far from being beneficial either to the 
agriculturist or the manufacturer. The for¬ 
mer is injured by the laws which prohibit the 
draining of mill-streums for the purposes of 
irrigation, by which much improvement is 
kept back that would otherwise take place; 
while the health of the latter, in the imme¬ 
diate neighbourhood of manufacturing dis- 
.^ricts, is much Injured by the stagnant con- 

t * * * * 

dition of the water which is thus unnecessa¬ 
rily dammed up. 


Wind, which we may consider as the next 
substitute for animal power, appears to have 
been first employed to give motion to ma¬ 
chinery in the beginning ot the sixth cenlury. 
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of this species of mechanic force, is 
principally limited to the grinding 
|he pressing of seed, and other simple 
manipulations ; the great irregularity of this 
element jmcluding its application to those 
processe^irB^gh require a continued motion. 

A windmill with four sails, measuring 
seventy feet from the extre^j^y of one sail, to 
that of the opposite one, ca^l being six feet 
and an half in width, is capable of raising 926 
pounds, two hundred and thirty-two feet in a 
minute; and of working on an average eight 
hours per day. This is equivalent to the work 
of thirty-four men; twenty-five square feet of 
canvas performing the average work of a day 
labourer. A mill of this magnitude seldom ^ 
requires the attention of more than two men m 
and it will thus be seen, that making allow- 
ance for its irregularity, wind possesses a dqg 
cided superiority over every species of animal 
labour. 

To shew, however, the great advantage 
the Steam Engine, even in its rudest state^ 

' possesses over mere pneumatic or hydraulic 
machinery, we will now examine its clFec- ' 
^^„forA when employed in the working of 
^)ps. It has been already stated, that 
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the Machine of Marly, formerly ocpsi^er- 
ed the most powerful engine in 
when first erected lost seven-eigb^^r^OT its 
power from friction, and other while 

the overshot water-wheel whichy^fSi^act only 


in favourable situations. 


r^arly 


eight-tenths of the forij^e efn^loyed. Now 
it is stated by Dr. Des^uliers, that the at¬ 
mospheric yrorkin^ at Griff-mine, 

nearly a century back, produced full two- 
thirds of effective force for the power em¬ 
ployed ; and this too at a comparatively 
moderate expense. We find, farther, that an 
hundred weight of coals burned in an engine 
on the old construction, would raise at least 
twenty thousand cubic feet of water twenty- 
four feet high ; an engine with a twenty-four- 
kinch cylinder doing the work of seventy-four 
Miorses. From this it will be seen that a 
lushel of coals is equal to two horses, and 
^^hat every inch of the cylinder performs nearly 
the work of a man. 


An engine upon Captain Savery’s plan, 
constructed by Mr. Keir, has been found to 
raise nearly three millions of pounds of water 
•^ne foot high with a single bushel of coals; 
%hile the best engine on Newcon#n’8 prin¬ 
ciple, will raise ten millions, and Mr. Watt’s 
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engine upwards of thirty millions of pounds, 
thi^is^ie height. If we add to the advantage 
gained by the employment of so cheap a 
prime mbve% the vast concentration of force 
thus brotigb^ immediate action, its value 
may easiljroe appreciated. 

One of the largest engines yet constructed, 
is now in action at the Uaiited Mine in Corn- 

V —c ' 

wall ^ it raises eighty thousand pounds one 
hundred feet in hciglit per minute: and to 
effect this enormous labour, it only rc([uircs 
about thirty pounds of coal for the same pe¬ 
riod of time. 

To the mining interests this valuable |>rc- 
sent of Science to the Arts has been peculiarly 
acceptable; as a large portion of our now 
most productive mineral districts must .have 
long ere this been abandoned, bad not tl^^ 
Steam Engine been eniployctl as an active 
auxiliary in those stupendous works. In 
draining of fens and marsh lands this tnachinc 
is in the highest degree valuable; and in 
England, particularly, it might be rendered 
still more generally useful, lu practice it has 
been ascertained that an cn<rine of six-horse 
power, v^ll drain tnore than eight thousand 
^cres, raising the water six feet in height; 
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while the cost of erection for an engine for 
this species of work, including the 
will not exceed seven hundred po^^j^^This 
is more than ten windmills can J^rform, at 
an annual expenditure of seveiti£ hundred 
pounds; while, in the former eVie^ the out¬ 
goings will not exceed one iTundred and fifty 
1 

pounds per annum. 

To the mariner, also, the Steam Engine 
offers advantages of a no less important and 
novel nature llian those wc have already de- 
scribed. By its use he is enabled to traverse 
the waters, both against wind and tide, with 
nearly as much certainty, and, as the machin¬ 
ery is now constructed, with much less danger, 
than by the most eligible road conveyance. 

In proof of the speed of these vessels, it 
^ay be sufficient to state that the passage 
from or to London and Margate, which is 
more than eighty miles, by water, is often 
performed in the short space of six or seven 
hours! It too frequently, however, happens 
that the faults of any new invention are un¬ 
justly magnified, while its real advantages are 
seldom duly appreciated and this axiom has 
been fully verified, in the clamour sb unjustly 
raised against the application of the Steaip 



INTIIODUCTIOX. 




Engine to nautical purposes. AccicltMits 
however, of but rare occurrence; 
and n^^^re than probable, that the great 
improve^hts that have been made in the 
boiler aBt^Htfgty-valve, will effectually secure 
these panMl^'tlp QBgine from a rpcurrencc 
of those tremendous explosions, which unfor¬ 
tunately characteri^d,||be first introduction 
of Steam Navigation. 


And, lastly, the political ccon^ist must 
hail with the most heartfelt gratiwation, the 
introduction of so able and efficient a 
tule for animal labour as the Steam Engine. 
It has been calculated that there arc at least 
ten thousand of these machines at this lime 
at work in Great Britain ; performing a labour 
more than equal to that of two hundred thou¬ 
sand horses, which, if fed in the ordinary way, 
would require above one million acres of lan^' 
for subsistence; and this is capable of-supply- 
ing tlie necessaries of life to more than fift^^ 
hundred thousand human beings. i 
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HISTORICAL ACCOUNT 


OF THE 


STE-ABT'^ENGINE. 


CHAP. I. 

Kaiure of Stcam~Application of it as a moving 
power—Brancas — Marquis of fFbrcester—Sir 
Samuel Morland — Papin — Savery —A«rcom«*— 
Hulls — Falch — Amontons — Dcslandes — Francois* 

As the whole power of the Steam Engine de- 
pcnthl on the employment of elastic vapour, pro¬ 
duced from water at diflerent temperatures, vary¬ 
ing from 212°, or the boiling point of Fahrenheit's 
thermometer, to 300° of the same scale, it may 
be advisable in the first instance to examine some 
of the principal phenomena connected with the 
formation of vapour in its most simple form, and 
its application to the steam engine will then be 
sufficiently obvious. 


n 



2 


Historical Account 


. StCAcn i$ highly rarefied water, the particles of 
are expanded by the absorption of caloric, 
of Blatter of heat Water rises in vapour at 
all tefliii^aturcs, though this is usually supposed 
to only at the boiling point: when, 

howeve^MBte evaporation occurs below 212^, it is 
confined ni^^Surface of the fluid acted upon, 
but at that hca^M^m is formed at the bottom of 
the water, and it, preventing its 

elevation to a higher^^||||||i^e, by carrying off 
the heat in a latent form. At t®8-v^Ottimon pres- 
sure of the atmosphere, one of water 

proiluces about 1700 cubic inches <b a^^peous va¬ 
pour or steam 5 but the boiling point, af'ljfc^luive 
already stated, varies very considerably, and these 
anomalies materially effect the ilcnsity of the va¬ 
pour produced. Tlius, in a vacuum water boils 
at about 70% under common pressure, at 212“ •, and 
when pressed by a column of mercury, five inches 
in height, water docs not boil until it is healed to 
217°*, each inch of mercury ]>roducing byJts 
pressure, a rise of about I'’ in llic thermome^f^ 
According to Dr. Ure’s elaborate cxperiupfiits, 
the clastic force of this vapour at 212® is J^ch, 
that it is equivalent to the pressure of a colip^n of 
mercury jO inches in height; at 22G.3®, to that of 
40inches; at 2;3H.6% to 50.3 inches; at 257'5% to 
69.S inches; al 273.7% to 91.2 inches; at 285.2%’' 
to 112.2 inches; at 312®, to Ui6 inches; 

Woolf has ascertained that at these temperatures, 
omitting the last, a cubic foot of steam will ex- 
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panel to about five, ten, twenty, 
times its volume respectively ; its elasti^'j 
when thus dilated, being in each case 
ordinary pressure of the atmosphere* 

One pound of Newcastle coal comwar gevea 
pounds of boiling w'ater into steam | sKthe time 
required to convert a given boiling 

Water into steam, is six ^^■Phat required to 
raise it from the freezim^l^Ee^boiling point. 

To shew by iliotipnfrmiir ni the great expan¬ 
sive force of from water when converted into 

steam, by tfa^nplication of heat, it will only be ne¬ 
cessary a glass tube, at one end of .which is 

a billb.^two inches in diameter, and dropping into 
it a single spherule of water, the diameter of which 
will scarcely exceed one tenth of an inch, or about 
the eighteen Imndredtli part of the size of the glass 
bulb, we shall find, that it may very readily be 
expanded by the applicaiion of heat, so as to 
eq>el the air from the vessel. That this is ac¬ 
tually the case, may be shewn by merely plunging 
tbe^^outh of the tube into cold water, and sui- 
feriw the steam to return to its original state, 
whi<^ being effected by the abstraction of a por¬ 
tion eff its artificial heat, the water will rush in 
from the external vessel, and occupy the place of 
the steam thus condensed, which could not have 
taken place had any portion of the air remained 
in Hie tube or its bulb. 

JSom these data, it will be evident, that when 
steiiti IS merely employed to displace the air in a 

ii2 
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close vessel, and afterwards produce a vacuum 
{^ condensation, no more heat is necessary tliaii 
what will raise the water for this purpose to 212® j 
but the contrary, high pressure steam is re¬ 
quired^ very considerable increase of licat will 
be cssenMf and of this kind was the clastic va- 
pour ein{nfl|^ in all the early steam engines to 
which wc may more immediately direct the 
reader's attention. 


Among the numer6&^4|9mpetitors for the ho¬ 
nour of having first suggested sto^un as a moving 
power in mechanics, wc must t^ixtaixily place 
Brancas and the Marquis of Worcester in the 
foremost rank. The former of these was an lt;Uian 
philosopher, of considerable eminence, and who, in 
lb29, published a treatise entitled, “Lc Machine, 
&c/* which contained a description of a machine 
for this purpose. The apparatus employed by 
lirancas, was in fact nothing more than a large 
ffiolipile, similar to the blow-pipe invented by 
M. Pictet of Geneva, with this difference, that the 
aperture in the pipe connected with the body of 
the molipile instead of being directed to the j|iinp, 
(or in this ease, the furnace that heated the ma¬ 
chine,) was made to strike against the floats or 
vanes of a wheel, by which means a rotatoiy mo¬ 
tion was produced. 

After the publication of this scheme, which it 
is probable was never put in practice with any 
useful effect, nearly thirty years elapsed ere the 
•fiirthcr consideration oi* this important sul^ct 
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was resumed by the Marquis of Worcester 
mode of employing steam recommended 
Marquis, and which he describes in his ^ Ce^^bf 
Inventions” to have completely carried 
was entirely different from that of his pr^^^^r; 
and it is evident that the noble had re¬ 

ceived no previous hint of Branoa^pr'entibn, as 
he expressly states in another^^A 6f the above 
work, that he “ desired not^^set down any other 
mens* inventions if he had in any case 


acted on thet^' ** to nominate likewise the in¬ 
ventor.*” 

It is said tfiit the Marquis, while confined in the 


* ThU work was written about the middle of the seventeenth 
century, and considered as a description of the united discoveries 
of one indiviilual, is certainly one of the most extraordinary 
Scientilic productions which has yet issued from the press in any 
age ornulion. In addition, however, to its value, us containing 
the first tangible suggestion for the employment of steam, as an 
h^ratilic and pncuiitatic force, it has unquestionably formed 
the foundation of u large portion of the patent inventions, whicit 
make so prominent a feature in the present day. The praisc- 
woff^ labours, however, of this indefatigable nobleman, shared 
the ijlia which usually attends on projections; and it was left to 
the-iww though certain march of scientific imjirovement, to 
award to his memory a posthumous praise. The Marquis also 
published a work, entitled, An exact and true Definition of the 
fiiost stupendous Watcr'commanding Engine, invented by t)ie 
Right Honourable (and deservedly ti> be praised and admired) 
Edward StJmerset, Lord Marquis of W'orcester, and by his 
Lordship himself presented to his most excellent ISIujesly 
Charles the Second, our most gracious Sovereign.” This was 
published in a small quarto volume of only twenty-two pages, 
aud,^usibt 5 of hulc mure than an eiuuuertUion of the wonderful 



Historical Account 


!5 

'Tower of London, waspreparing some food on the 
his apartment, and the cover having been 
cld^r^tted, was, by the expansion of the steam, 
fiud4&|m &rced off and driven up the chimney. 
Thig^njpumst^ attracting his attention, led 
him to" of thought, which terminated in 

this impor^|||di5COvery. But no figure has been 
preserved of^lirrention) nor, as we have good 
reason to suppose, aMm^escription of the machine 
he employed, except me ]^^|^^ighth article in 
the above-mentioned work^ shall content 
ourselves, therefore, with cxtrad^|; that article 
from the noble author s MS. preserve<t in the 
British Museum. 4.. 

** An admirable and most forcible way id drive 
up water by fire; not by drawing or sucking it 
iipw’ards, for that must be as the philosophers call 
it, infra spkcti'am activitatiSj which is but at such 
a distance. But this way hath no boundary, if the 
vessels be strong enough; for I have takent^t 
piece of a whole cannon, whereof the end was 
burst, and filled it three quarters full of water, 
stopping and screwing up the broken end, Hl||lllso 
the touch-hole; and making a constant dre uiKler 
it, within twenty<-four hours it burst, and mime 
great crack; so that haying found a way to make 
my vessels, so that they are strengthened by the 

k 

propertici pf the above engine; and it is certain that he s^ver 
published any key to the lirst hint furnished in the Cen^urjf of 
Invent uf9». 
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force within them, and the one to M a/ler the 
other, I have seen the water run like a ;€Oi}s|j^^^ 
fountain stream, forty feet high; 
water, rarified by fire, driveth up 
water. And a man that tends the woi^Klut to 
turn two cocks, tliat one ves^l being 

consumed, another begins to forcje||pl refill with 
cold water, and so successifily^^e fire being 
tended and kept consta^^^ which the self-same 
person may like^^fabindantly perform in the 
interim, betw^jp^ the necessity of turning the said 
cocks,*’ V^^liiarleian MSS. 2no, '2428. 

In scheme for raising water by the 

agency of steam was offered to the notice of Louis 
XIV. hy an ingenious English mechanic, of the 
name of Morland ; this, however, was evidently 
formed upon the plan previously furnished by the 
Marquis of Worcester, in his Century oflnventions. 
^Morland was presented to the French monarch in 
'3G82, and in the course of the following year lus 
apparatus is said to have been actually exhibited 
M^t. Germain’s.* The only notice of this plan 
-- 

’■'XT-' 

Samuel Morlanil was the son of a baronet of the same 
uaii^ created by Kinjj Chrirlcs II. for his zealous services per¬ 
formed during the King's exile. The son was made Magister 
Mechanicoruin by the King in IGSl, and was justly celebrated at 
that period for a number of %cry ingenious inventions, among 
which we may enumerate the drum capstan for weighing 
anchors, the speaking truin])et, and lire engine. The celebrated 
John Kvelyn gives the following account of a visit paid him at a 
vfiry late period of his life 

** The Abp. and myselfe went to Hammersmith, to visitc Sir 
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occurs in die collection of MSS. to w hich wc have 
alluded, and forms the latter part of a 
vw^r^ll^utiful volume, containing about thirty- 
eight l^es, and entitled “ Elevation des Eauj'^ 
par UUgf^sorie de Machines, redmtc a la mcsun\ 
au poids^ifi:^a la balance. Presentee a sa Majestc 
tres ChrestimiK^^ par le Chevalier Morland^ gen- 
tilhomme ordmaire de la chamhre privee, et 
maistre des mechaniques du Roy de la Grande 
Bretaigne, 1683/' 

The MS. is written upon vclluni, richly illu¬ 
minated, and the part which has reference to 
the steam engine occupies only four pages, com¬ 
mencing with a separate title, &c. It is also ac¬ 
companied by a table of the sizes of cylinders, 
and the amount of water to be raised by a given 
force of steam. This curious memoir forms an 
important link in the chain of historical evidence. 


Sara. Morlanil, who was entirely a very mortifying sigh$. 

He shewed us his invention of writing, which was very inge¬ 
nious, also his wuodcu kalendcr, which instructed him 
feeling, and other pretty and usefid inventions of mills, pii^s, 
£(c. aqd the pump he had crectcil tiiat serves water to his garden 
and to passengers/ with an inscription, and brings from a filthy 
p;irt of the Thames neere it a most perfect and pure water. He 
had newly buried ^00^ worth of music books feet under 
ground, being, as he said, love songs and vanity. He plays 
himsclfe psalms and religious hymns on the Theorbo.'* Diary, 
Oct. 25th, 1695. 

About the year 1684, Sir Samuel purchased a house at HatDr 
} inersiiiith, and it appears from the register of that parish, he 
was buried Jan. 6th, 1696. 
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which tends to prove that the English, though . 
not the actual inventors of the steam engii^r^ 
were unquestionably the first to apply .||$^stu« 
pendous powers to any useful practicaljw^se; 
we shall, therefore, offer no apologypre¬ 
senting it entire to the notice of the re^ror. 

Le:i Principes de la nouveSe'^^^ce de Feu: 
imyentce par le Chevalier Morland, Van, 1682, cl 
presaUce a sa MajesU ire$ Chresticnncy 1683. 

“ L'cau etasat cvapor^c par Ja force de feu, ces 
vapours demahdent incontinent unc plus grand’es- 
pace [[environ deux iniile fois] que I’eau n’oe- 
cupoit auparavant, ct plus lost que d’etre tou- 
jours eniprisouiiees, feroient crever unc piece de 
canon. Mais etaiit bicn gouvernecs scion les 
regies dc la statique, ct par science rt^duites a 
!a niesurc, au poids ct a la balance, alors ellcs 
})ortcnt paisiblcmeiit Icurs fardcaux, [comme dcs 
bons chevaux,] ct ainsi scrvoiciit dies da grand 
usage au gendre luimain, particulierement pour 
Tclcvation des caux, selon la tabic suivante, qui 
marque Ics Jiombres dcs livres qui pourront etre 
levies 1800 fois par heure, a six ponces dc lou^c, 
pai de cylindres a moitic rcmplics d'eau, aussi 
bicn que les divers diaiuctrcs ct profondeurs dcs 
ilits cylindres.'^ 
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TiOie of the Diameter and Length of Steam Ct/Ihtdvrs ; 
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Tlie invention of the atmospheric engini, 
tlioiigli usually ascribed to Newcomen, or his co¬ 
adjutor Savory, is unquestionably of French origin* 
An account of it having been published twelve years 
prior to the commencement of Newcomen's pa¬ 
tent. 

In 1693, Papin, then resident at Cassel, pult 
lished a work, describing a variety of methods m 
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raising water in which he enumerates the^abofie 
invention* Being unable to procure thi» 
we insert the following translation 
which relates to the steam engine. in 

the Transactions of the Royal Societv ^ M ^ 697. 
After alluding to the inconvenien^^P^nning 
a vacuum by means of gunpow^^jpPwhich was 
one of his early propositioi^^H^ecotnmcnds 
the alternately turning a srti&ll surface of water 


<« 


into vapour, by fir^^apgped to the bottom of the 
cylinder that contains it, wiiich vapour forces up 
the plug cylinder to a considerable height, 

and whuj^i[as the vapour condenses, as the water 
cools Jr^cn taken from the fire) descends again 
by air's pressure, and is applied to raise the 
W'atcr out of the mine." 

From this it wdll be evident that any practical 
mechanic would have suggested the furtlier appli* 
cation of pumps and a working beam or lever si¬ 
milar to those in Newcomen's engine, 
t To experimentally illustrate the principle on 
^which the steam or atmospheric engine acts, we 
l^vc only to pjocurc an hollow bulb of glass, con*^ 
nected with a tube of the same material, about 
or five inches in length, and furnished with a 


piston or plug, sliding air-tight. A small quantity 
pf water being placed iii the vessel, must then 
be heated to the boiling point, and the vapour 
formed will speedily impel the piston to the open 
end. The bulb must now be withdrawn from the 
Piiudlc, and on being immersed in a vessel of cold 
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'vrater the vapour will rapidly condense; and the mi- 
^te particles of which it is composed will return to 
original bulk. A vacuum being thus formed 
withiOv^ie vessel, the piston will be driven into 
tlie a force proportionate to its diame¬ 

ter; th'^tfeospbere or air that surrounds it pres¬ 
sing with equal to about fifteen pounds 

on each inch OTsffe entire surface. On the heat 
being again applied^j^q^ process may be repeated 
with a similar result.^ ''\'4^ 

\i the glass tube be lengthened, 2^3dbcut in the 
form of an inverted U, or syphon, the lower 
leg immersed in an open reservoir of thirty 

feet below the heated bulb, it will be ibund^aftcra 
rcpetition.of the process of condensation, that the 
pressure of the atmosphere, acting upon the sur¬ 
face of the Avatcr, will so far tend to iiii up the va¬ 
cuum, as to raise the water contained in the open 
reservoir to the top of the vessel; and it is upon 
this latter principle, that Savory’s first engines 
were constructed; the remaining lift being eftcct- 
cd by the repellent force of steam. As, however^ 
we ptopose in this part of the work, to conl^ 
ourselves more particularly to the historical data, 
connected with tlic early history and invention of 
the steam engine, without reference to the iri^e 
iitimedlatc principles of its construction and appli¬ 
cation, it may be enough to Say, that an engine for 
raising water on this plan, has lately been con- 
/Arived by Mr. Pontifex, of Shoe Lane, which for 
economy in the use of fuel, and in expense of crec- 
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iioiii offers very considerable advanta^s over any 
yet employed. 

In 1698, Captain Savery obtained a 
a new mode of raising water, and commfi^mting 
motion to a variety of machines by di^flpcc of 
steam ; and in the following year mo¬ 

del of the above engine, was s^nited to the 
Royal Society, who then sittings in 

Arundel House.* SaveryJ^pingine as we have 
already stated, was. cos^loyed to raise water to a 
given height,^y the pressure of the atmosphere, 
and then to l^e the fluid up the remaining eleva¬ 
tion, power of steam acting on the surface. 

In tjfe'en'gincs constructed under the authority 
of ^incry^s patent, it was necessary for p, labourer 
to be in constant attendance for the purpose of 
turning the cocks, whicli alternately admitted 
steam and the condensing water. M. de Moura 
liowcvcr effected a considerable improvement in 
this part of the engine, by constructing a sclf-act- 
ing apparatus for this purpose. 

■ One of the greatest objections'to this engine, 
'91^3 the extreme danger attendant on raising 


* The following notice of this machine is inserted in their 
Transactions for that year. 

- “ Mr. Savery, June 14, 1699, entertained the Royal Society, 
with shewing a smaU model of his engine for raising water by 
the help of fire, which he set to work before them. The experi¬ 
ment succeeded according to expectation, and to their satisfac- 
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tn^er to any height beyond the atmospheric pres- 
iMIie; and as this seldom exceeded thirty Icct, it 
iiil^;i|^ces3afy for the remaining perpendicular 
lift t^^eflfected by the expansive force of steam, 
uponSjUmme principle as the Marquis of Wor> 
cester^slBBe,and for every thirty-three or four 
feet'beyoui B jhlMt height, a pressure equal to the 
atmosphereiQHItt^3Lerted on the inside of the 
boiler and receivemR|iM^g to burst them open. 
On this account it a separate en¬ 

gine, for every fourteen fathoms oil||^ depth of a 
mine, thus raising the water from oi||^ anotlicr; 
but in the event of any one becoming ^Wanged, 
the w’hole must necessarily stop. 

From tins it will be seen, that this engilie wa? 

not adapted either for the supply of towns or the 

draining of mines, (two of the patentee's principal 

objects,) tlid latter of which were often of con* 

siderable depth j but a number of small ones were 
0 

erected Ibr the raising of w’ater in gentlemen's 
pleasure grounds, in diflerent parts of England. Dr. 
De'saguliers tells us that he made seven of the$e 
engines: the first was for the Czar, Peter ^be 
Great, for his garden at Petersburgh, where it "Wbs 
set up. The boiler was made spherical, and l|tld 
between five and six hogsheads. The receiver 
held onc-hogshcad, and was filled and emptied foear 
times iu a minute. The water was drawn up by 
suction, or the pressure of the atmosphere, twenty- 
nine feet high out of the well, and then pressed 
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up eleven feet higher. The pipes were all of 
j)cr, hut soldered to the suctionpiece with 
dcr, which held v^ry well for thie beighu^^d^ 
liowcver, the amount of pressure 
must have burst the metal, and prodi 
mischievous effects. 

From a MS. in the possessims i^HP late Rev. 
Mr. Stebbing Shaw, it ap^MpIPthat Savery 
erected one of these abcpy^l^lose of the seven¬ 
teenth century, at W^^ipMbury, in the county of 
Stadbrd, place the water rose so rapidly 

and in such iH^titics, from an adjacent coal pit,^ 
that it several acres of ground, where it 

reniainedTor several years, although every effort 
w^as made to reduce it, and drain the lai^. 

It was soon found that the mode of producing 
a vacuum in these engines was liable to tlie most 
serious objections, not the least of which was the 
unnecessary waste of steam ; and an improvement 
on the original construction was shortly effected^ 
which, although not capable of completely cor^ 
roeting this defect, produced a considerable sav¬ 
ing in the amount of fuel employed. 

Tt has been already stated, that Savery’s mode 
of condensation consisted in throwing a quantity 
of cold water on the outside of the steam vessel 
employed to form a vacuum in the pipes; and on 
the re-admission of steam it was found necessary 
to restore the heat previously absorbed. To pre¬ 
vent this, a small jet was inserted*, which striking 
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against the steam, converted it into water without 
^nsibly lowering the temperature of the vessel. 
When the repellent force of steam was employed 
in this :^ngine, the waste of fuel was still more 
cons^g^le; great part of the steam being con- 
dcnscdigim coming in contact with the surface 
of the that it could not be brought into 

action till a portion of the cold fluid was 
raised to the bol^lp^jpoint. As a further im¬ 
provement on this introduced a 

moveable disk or float, which .jwas interposed 
between the water and steam, and,^^eing pressed 
upon the former, forced it up tlie^connccting 
pipe without the,steam coming into actual con¬ 
tact with the water. 

Newcomen, who is generally considered as the 
inventor of the atmospliciic engine, appears to 
have been an ironmonger, resident at Dartmouth, 
in Devonshire; and that he was a man of consi¬ 
derable practical ingenuity, is sufficiently evident 
from his arrangement of the engine suggested by 
Dr. Papin. 

Savory’s engine having failed, from the causes 
we have already stated, the mines were nearly all 
at a stand for want of some cheap and efficient 
machine for the purpose of clearing the more, 
distant workings. About this period Newcomen, 
hsfVing associated himself with John Cawley, a 
native of the same town, proposed to erect en¬ 
gines capable <5f supplying this desideratum, and 
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faking the exhausted cylinder of Otto Guericke 
for a model, applied Papin’s mode of producing a 
vacuum to the above machine. 

To understand tlie action of this mach^^^we 
must conceive a hollow tube or cylintf*Piiir- 
Tiishcd with a piston, made to fit air^l^t, and 
indeed in all respects similar to ^^jjpinmon sy¬ 
ringe. At the bottom of this are^^ral apertures: 
one to communicate with„th^%eam boiler, and 
furnished with a cock t?STOpcn and shut the com¬ 
munication at i^^asurc ; another for the admission 
of cold watetl^d a tliird to carry off the con¬ 
densed steftth and ejection water. A small lateral 
aperture is also formed witli a valve to allow the 
escape of the air, or permanently elastic gas, 
which will not condense by the application of 
cold water : this last is (‘ailed the smflvig clack. 

If the piston be now raised to the top of the cy¬ 
linder, and steam admitted, the air will be ejected 
by the snifting clack. The steam is then cut off, 
and the cold water allowed to enter, which con- 
densinjr^ the steam forms a vacuum beneath the 

O' 

piston, which is pressed down with a force pro¬ 
portionate to its diameter. 

In a working engine for the draining of mines, 
the piston rod is attached by a chain to the end of 
a long lever, working on a fulcrum, at the op¬ 
posite end of which are suspended the rods of 
the pumps intended to raise the water: tlie 
weight of these rods exceeds the weight of lUe 

c 
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piston so much as to draw it up to the top of the 
^cylinder, and tire machine is thus ready for the 
adHcipsion of steam, and the production of an 
enti^^trokip. 

really effective engine on this con- 
structid^^i^ipears from a MS. to which we have 
already to have been erected at Wolvcr- 

liampton, half mile-stone leadin^r from 

Walsingham to 

In 1718, the pateiftllP’agii^d to erect an en¬ 
gine for the owners of a collicryfcgm the county of 
Durham, where several hundred4||^s were em¬ 
ployed. Mr, Henry Bcighton, wli^^lj^ engaged 
as ap agent in this concern, not approving of the 
intricate manner of opening and shutting the 
cocks, for the admission of steam, water, he, 
W'hich were then moved by strings and catcljcs, 
invented by a boy of the name of Potter, employed 
a banging bar attaciicd to the great w’orking 

i 

beam for that purpose. 

But the most important improvement in the 


atmospheric engine, was the application of k by 
means of a crank and fly-whcel to the purpose of 
turning mills. It was first described by Mr. Hulls, 
who, in 1736, had a, patent for an engine to be 
employed in the impelling of vessels. It was not, 

. however, generally used till 1770, about which 
period it was attached to an engine, at Bir¬ 
mingham. Several other patents have also been 
obtained for this purpose j and, in 17 S 1 , the Abbe 
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Arnal, Canon of Alais, in Languedoc, enter. 

a thought of the same kind, proposing to. 
employ it in inland navigation. 

The extensive fbundcry of Colebrook-^le, ap¬ 
pears to have had the honour of castu^%nd fi¬ 
nishing the first atmospheric engioea^ consi¬ 
derable size. It was intendedj^the use of 
Walker colliery, near Newc^j^^^here it wa^ 
erected in 1763. Tb^j^PFcylindcr of this 
colossal engine weighe^Wclusivc of the bottom, 
130 c\yt. whyj#:thc diameter of the bore, which 
was turned iPl^fcctly true, and well polished, 
incasurcd'%pwurds of se\cnty-four inches. When 
completed, they were enabled to raise on an.ave¬ 
rage above 307 ewt. of' water at each stroke of 
the pif ton. 

'J'he double acting steam engine does not difier 
very materially from those wc have already de¬ 
scribed. It was first suggested by Dr. Falck, 
who publislicd an account of his invention in 
l77Jb The chief improvement which he intro¬ 
duced was tlic use of two cylinders, into which 
the steam was alternately adinitted by a common 
regulator, opening the communication with the 
steam to one, whilst it shut up the opening of the 
other. The piston rods were kept (by means of a 
wheel fixed to an arbor) in a continual ascending 
and descending motion, in the same manner as^ 
the fods of a common air-pump, while the nuf, 
acting^ ^ the upright racks, was made to work 
'"u c 2 
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the pumps, which were thus kept in constant 
action. 

From this it will be seen, that in a double cy¬ 
linder engine, where two cranks are used, the 
fly-wheel, wliich is usually employed as a inaga- 
i!ine of power, may be entirely dispensed with ; 
which, in tlffe reciprocating engine, is an advan¬ 
tage of consid^K^le importance, as the mIioIc 
]>owcr of the cn^Bfei^yst, in certain positions 
of the crank, depend^pon the action of the 
fly-wheel. 

The fire wheel of M. Amontons^ and the steam 
wheel of his countryman Dcslandcs, WTre very 
ingenious, though both of them niiicli too intricate 
for general use. The first of these inventions 
consisted of a number of buckets placed in the 
circumference of a wlicel, and communicating 
with each other by very intricate circuitous pas¬ 
sages. One part of this circumference was cx- 
])oscd to the heat of a furnace, and another to a 
cistern of cold water. The communications were 
so disposed, that the steam produced in the 
buckets on one side of the wheel, drove the water 
into buckets on the other side, so that one side of 
the wheel was always heavier than tlic other, and 
this constant addition of weight produced a rota¬ 
tory motion. 

Various attempts have been made at different 
periods to employ the steam engine in the draining 
of land. M. Francois was, we believe, the first 



21 


of the Steam Engine. 

who suggested its practical application to this 
purpose, lie proposed to employ an engine on 
Savory's plan, and added machinery to open and 
shut the cocks. Two or three large engines have 
been constructed in this aountry, which have since 
been employed in Holland with the most bene¬ 
ficial cflects; and there is no doubt but th it their 
value, when duly appreciated, sufficiently 

obvious. This is more parj^^arly the case in 
those tracts of low and-A^ampy ground, wliosc 
outfall lies at a considerable distance, and which 
has previously to pass tijroiigli ground of a higher 
level. In some instances it has been found neces¬ 
sary to cut drains or rather trenches of from ten 
to twenty feet in depth, and this too ibr several 
miles in length. 

Mr. Savory, of Downliam, wlio, we understand, 
has given considerable attention to this branch of 
civil engineering, states the cost of an engine of 
twcnty-liorsc power fitted up for this purpose at 
fifteen hundred pounds, and that this will do as 
much work as a mill with a forty feet sail, when 
in full velocity, Tlic advantages that may be de¬ 
rived fj'om the use of stcam'in the fens or marsh 
country, appears, from the same authority, to be of 
the first importance. In ease of intense frost, the 
uniform velocity, with tlic opportunities of.ijom- 
municating heat, would prevent tlic engine frdm 
freezing, to w-hich, from the uncertainty of winds/ 
the other engines arc very much subject. The 
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consequence is, that a great fall of snow coming 

at the same time that the mills have not been in a 

> 

state to prepare the ditches to receive the over¬ 
plus water which it occasions, an inundation gene¬ 
rally takes place in the^fensj and, as the waters 
rise very i^pidly under these circumstances after 
a thaw, it frei^ently occurs, that when the mills 
are set at libert^from the effects of ice, they arc 
for some days in9||n^e of successfully opposing 
the accumulation m vMifer. On the other hand, 
by adopting the means of 'sTOin, the engines 
would be working in full effect dd^g the conti¬ 
nuance of a frost, and the ditches beid|J'<kcpt pro- 
portionably low, w'ould at all times be capable of 
discharging tlic waicr, and thus prevent inunda- 
tion, 

Mr. S. concludes this part of a very useful paper 
on the subject, by observing, that “ as 1o a district 
of country which requires draining without any en¬ 
gines upon jt, at the time of its being undertaken, it 
is a matter of doubt in mv mind, whether it could 
not be drained more economically by steam, than 
by the means usually adopted, ailliougli the ex- 
pence of fuel must certainly be very great. Ta- 
Jcing the average of winds, the mills in the winter 
season do not throw so much water in a wcek^as 

r 

they would in one third of the time, if they went 
with all the velocity of which they arc capable. 
It follows, that one steam engine, with equal 
powers, would do as much execution in the 
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course of a season, as three windmills, and con¬ 
sequently a great saving would accrue in the 
first expense, and afterwards in attendance aatd 
repairs.”* 


* 


Vide Coiiuiiunications tot Board of AgricuUurcfvol. iv. 
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EFFECTED EY ^ 

MR. WATT, AND OTHERS, 

nOU’N TO TIl£ PRESENT TIME. 


CHAP. II. 

Botfl/on am/ JJ’att — Carturight — Smeafon — Horn- 
blower — irtgh-prcssure Engine — JJ'olf's Im- 
provcment^i—llolatorg Engines — Keinpel — Sad-- 
Icr — Coohc — Bell-crank Engine — Employment 
of the Steam Engine in N^orth America, and the 
Eohmics—Locomotive Engines. ~ - 

Im the engine usually ascribed to Newcomen, 
the steam was not employed as an impelling 
power, but was used for producing a vacudm be- 
pcatli the piston, wliich was afterwards forced 
down by the pressure of the atmosphere; and it 
was left to the masterly and towering genius of au 
otherwise obscure mechanic, to quadruple the 
force of this stupendous machine, and by one 
step, perfect the labours of the preceding century. 

Mr. Watt's attention was first drawa to this 
subject, by an examination of a small model oi 
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an atmospheric engine, belonging to the Univer¬ 
sally of Glasgow, which he Iiacl undertaken to rc- 
the course of his experiments with it, 
he found the quantity of fuel and injection water 
it required, much greater in proportion than in 
the larger engines j and it occurred to him, that 
this must be owing to the cylinder of this small 
model exposing a greater surface in proportion 
to its contents, than was ^^ffcctcd by larger cy¬ 
linders. This he endeavoured to remedy, l)y 
employing non-conducting subsiiances for those 
parts of the engine which came in immediate 
contact with the steam. After a varicty%f expe¬ 
riments, the results of which we shall presently 
describe, he succeeded in constructing a working 
model, capable of producing a force equal to lour- 
teen pounds on every inch of the piston, and which 
did not require more than one third of the steam 
used in the owimon atmosplicric engine to pro¬ 
duce the same cflcct. 

It will be evident that this was as near an ap¬ 
proximation towards perfection as could possibly 
have been expected ; and indeed much more than 
was likely to be eficctcd in a large engine, as thflK 
vapour left beneath the piston possessed only one* 
fifteenth part of the elastic force of the steam cm- 
plqyed*to form the vacuum. 

Having discovered that the great waste of calo¬ 
ric in ^thc old engine, arose from the alternate 
healing'and cooling the cylinder, by the admis¬ 
sion and subsequent condensalioa of the heated 
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steam, Mr. Watt perceived that to make an 
engine in which the destruction of steam should 
be tlic least possible, and the vacuum 
I)crrect, it was necessary that the cylinder should 
remain uniformly at the boiling point a while the 
water forming the steam was cooled down to the 
temperature of the atmosphere. To cifcct this, 
he employed a separate condensing vessel, be¬ 
tween which, and the hot cylinder, a communica¬ 
tion was forined^y means of a pipe and stop¬ 
cock. 

To understand the action of this engine, we 
may enaiploy a common syringe, connected witli 
a boiler, as in the atmospheric engine, and fur¬ 
nished with a pipe passing iiilo an air-tight vessel, 
immersed in water lor the purpose of condensa¬ 
tion. 

li the piston be then raised, and the communica¬ 
tion witli the condenser cut oh’, t^c steam will 
speedily expel the air; w'hcn this is*effected, the 
further admission of steam must be prevented, and 
the communicatioii with the condenser opened. 
The steam will now expand itself, passing down 
the pipe and entering the condcns.crj the mo¬ 
ment, however, that it comes in contact with the 
sides of the cold vessel, it will be condensed and 
a vacuum formed ; and tiiis process will continue 
to proceed, so long as any steam remains beneath 
the piston. , 

The only objection that offered itselff to this 
admirable mode of condensation, arose from the 



28 


Hi storical Accouvt 


difficulty experienced in getting rid of the water 
and air that remained in the condensing vessel. 
When steam was generated from water that had 
been freed from air by long boiling, a consider¬ 
able adv^tage was obtained; and it was found 
that a power nearly equal to tlie entire pressure 
of the atmosphere was produced. The great ad¬ 
vantage thus obtained will be sufficiently obvious, 
Mhen it is known that, in the engines previously 
constructed, the elasticity of the steam arising 
from the heated injection \vatcr remaining at the 
bottom of the cylinder, was equal to onc-eiglith 
of the atmospherical ju'cssurc, and consequently 
destroyed an equal proportion of the power of 
the engine. 

The mode of condensing the steam, by the ap¬ 
plication of cold water to the outside of the con¬ 
denser, was soon found inconvenient from the 
great size and expense attendant on the use of 
this apparatus; and ^Ir. Watt introduced an in¬ 
ternal jet of cold water, which, striking against 
the steam, instantaneously reduced it to its ori¬ 
ginal bulk, and thus formed a vacuum. To draw 
off the condensing water, as well as to get rid of 
the air that W'as extricated during condensation, 
he found it necessary to cmjdoy a small pump, 
worked by the engine, the size of which was pro¬ 
portioned to the amount of air and water gene¬ 
rated in the condenser. In one of the early 
engines upon this constrirction, erected at Bed- 
wwth, three air-pumps were used; two below, 
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^rorkcll bv chains connected with the beam, and a 
third, placed above, wliicli received the hot w^ter 
raised by the others. In the engines now ‘con* 
stnicted, only one air-pump is employed, and this 
fully answers tlic intended purpose. 

Another improvement introduced by Mr. Watt, 
consisted in surrounding the upper part of the 
cylinder witli a caj>, through a Iiotc in the centre 
of which the j)iston rod worked air-tight. The 
force of steam was then substituted for that of 
the atmosphere, and at a pressure of more than 
fifteen pounds on the square inch \ so that when 
a vacuum was formed beneath the piston, steam 
of considerable impellent force was entering the 
upper end of the cylinder, by means of a pipe 
cojincctcd witli the boiler. 

By thus substituting the force of highly elastic 
\ apour, for the ordinary pressure of the atmos¬ 
phere, the upper and under side of the piston 
were preserved at tlie same temperature, and the 
siii>ply of steam being regulated by tlie width Of 
the aperture, any given amount of force might 
readily be produced. In the atmospheric engine 
this could not be effected, as the whole pressure 
of the atmosphere was made to act on the piston, 
the instant the vacuum was formed by the con¬ 
densation of the vapour beneath j so that in the 
event of a pump-rod breaking, by which the ele¬ 
vation of the water might be impeded, and'the 
labour of the engine taken off, the rapid descent 
of the piston would evidently cause the desU*uc- 
tion of the entire apparatus.^ 



Historical Account 



Soon after the completion of* his first model, 
att erected an engine for his friend Dr. 
Rdraick of Kinneil, near Borrowstownness, with 


wliom he was afterwards associated in the manu¬ 
facture improved engine: the hitter gen¬ 

tleman, ^lo^ver, in 1774 , disposed of his share of 
thcHuj^iness to Mr, Boulton, of Soho*. 


♦ From this nurwry of ingenuity has originate*! some of tlic 
noblest uad most striking dicfa efaupre of mcclianiral art yot 
witnessed. Tlie folkAving account of this celebrated manuf.ic- 
tory is from the pen nf Dr. Darniti. It wa.s written in and 

when the^nanufartory, allliough ” big with promise/’ was little 
more tiian a type of its proiM iit magaituilo. 

Soho is the name of a hill in the county of StafTor^ridmut 
two miles from Ihrnunirhain, wlneli a very few years ago.was 
a barrenjieath^ on tlie bleak summit of wide!) stood a naked hut, 
the l^l)itaUon of a w'arrmicr. 

The transformation of tliis place is a rec^ent monument of 
the effects of trade on population. A beautiful garden, with 
W'ood* lawflf water, nt)W' cover? one side of this hill; five 
spacious squares of building, erected on the other side, supply 
workshops or houses for about eljf hundivd people, 'i l»c exten¬ 
sive pool flic a))proach to tins building, is conveyed to u large 
wiater-wbcel in one of tiic courts and communicates motion to a 
pro4igi<)us 4 tumb^r of different tools. mechunical inventions 
is pultposcnre RUjierioi iij multitude, variety, and simplicity, 
to ihc^c of any m;^?u factory in the known world. 

•‘T6ys, and iitchsilB of various kinds, in gold, silver, steel, co^ 
^r^'tortoise-Vliell, enamels, and many,vitreous and metallic coin- 
‘•fidfiitienp, vyith.gilded, plated, .and inlaid works, nrc wrought up 
to j^he highest elegance of taste, and p^fcction of execution in 
-thjj^place. 

» ** ftjrt BouUon,avho has establiiii^ed this great work, ha.s joined 

tast^'and ph^Opophy w ith nianufac|ttrc;tnd commerce; and from 
tl)f^.a^^rious bru'tidics chemistry^and the numerous mechanic 
(jrts afurhiseitensive corrc.sjioiHlenec to every corner 

> iaf the ^oriff, is furnished with the Jiighcst entertainuieiit, us W'cll 
the most lucrative employment." 
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Wc have already stated, that Dr. Falck describ¬ 
ed an engine with two cylinders as early as 
which he called ^ double cieihig engine; but dimilar 
advantages were obtained by Mr. Watt m an en¬ 
gine witli a single cylinder. To cficct he ap¬ 
plied the power of the steam to press lift piston 
upwards as well as downwards, by inning "the 
vacuum alternately above and below the cylinder. 
When it became ncccssary to connect the piston 
and beam for an upward, as Vr’cll as lor a down- 
ivard stroke, a double chain acting on an arch head 
was substituted lor the single one previously em¬ 
ployed } And this was speedily superseded by a rod 
connected wifli tlic working beam, by me^s of a 


parallel motion. 

The Expansion Engine was^ also ^nvented-^^Jy 
Mr, Watt, and tliough not generally employed 


until 177 s, a})pcars from a letter writt^jp^bj him 

to a gentleman of Birmingham? to have suggested 

itself as early as 1709. "f lie principle this to- 

• •• 

vention, consists in shutting olithc farthor gntrancig 


of steam from the boiler when tlic pistbn h%s-been 
pressed down in the cylinder, for a^certainJpropSk*-^" 
tion of its total descent, leaving the rcmaitKlcr lo" 
b^""accomplished l^^the expansive Ibrc^ oTtK^t,^ 
steam already introiluccd. '' ' ' "4 ‘ 

To regulate the lAuac of closing this val^c, and .. 
as such the precise amoitift of steam admUted, Ml> 
Watt employs a plug-fifime with movcalilc pins, 
which may be placed yi such ar<manneivth^*the' “ 
sitcam-valvc will shut when the piston 
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scended one-Iialf, onc-third, one-fourth, or at any 
ot^r proportion. By the application of tins prin¬ 
ciple the piston is made to descend with an iiniforni 
velocity* the pressure on the piston continually di¬ 
minishing m the steam becomes more and more 
rare, and the acceleratinc: force which works the 
engirte is consequently diminished* 

The advantages attendant on this mode of ad¬ 
mitting steam, are however greater in an high- 
pressure engine, than in those usually constructed 
by Messrs. Boulton and Watt. 

It docs not appear that Mr. Watt produced any 
large engines on his improved construction until 
1774; and so slow is the progress of improvement 
against preconceived habits of long standing, or 
interested clamour, that he found the term of his 
patent was likely to pass away before he should be 
reimbursed. In consequence of this he applied 
to parliament, which, i)y a legislative enactment, 
sanctioned the prolongation of the original term 
for twenty-one years. 

Soon after the renewal of his patent, Mr. Watt 
piiblished proposals for the erection of his improv¬ 
ed engine, and in these the advantages to be ob¬ 
tained from its use are plac^ in the strongest 
light, in ah atmospheric engine, constructed on 
the most improved plan, a qiKtntity of water equal 
to . 9,636,660 pounds, %as raised one foot high 
■with a s^gle bushel of Newcastle coals; but Mr. 
Watt undertook to raise 24,553,571 pounds, with 
the same amopnt of fuel. 
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The increasing depth of some of the larger 
works in the mining districts, has called for a Mg 
portionate increase of the power employe&^^d 
many of the engines now erected for th^gurpose 
of raising water, are of proportions so gi^ntic, as 
can be conceived only by actual calcoll^ion. One 
of the largest is that erected at the Union mine in 
Cornwall. It is upon Mr. Watt*s double-action 
principle, and is loaded to exert its utmost force. 
The steam-cylinder is sixty-three inches diameter, 
and raises water equally in the ascent or descent 
of the piston. The weight of water in the pumps 
is 82,00Q,|>ounds‘, and with this load it makes 6t 
double «trokes per minute, of 74 each, or it gives 
to the load IOO 4 feet motion per minute. To 
effect this, which is equivalent to raising 8,261,500 
pounds, lifted one foot high, or the power of 250 
horses, it is necessary to consume about thirty-one 
pounds of coal per minute. 

In 1797 , the ingenious Mr. Cartwright, well 
known for the value and variety of his scientific 
avocations, invented a mode of applying the va¬ 
pour of alcohol, or other ardent spirit, as a substi¬ 
tute for common steam. In addition to the saving 
to be effected by this plan, Mr. Cartwright in- 
tehded to ebiploy his engine as a still, by which 
the whole cost of fuel would be saved*. Such a 


* It 15 curious^ that a clistinguiahed chemist of the present 
day should have suggested the construction of an engine on 
the following plan, which, it will be seen, is jirccisely similar 
to that described in IVlr. Cartwright's speciHcatiou. . 


J) 
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method, however, supposes a capability ofblending 
business of a distiller with a variety of trades, 
tO’^hich it is totally inapplicable. A scheme 
somewhat similar to this, and to which we shall 
afterwards more fully revert, has lately been at¬ 
tempted by Colonel Congreve, in which he pro¬ 
poses to burn a large portion of chalk mixed wiili 
the coal, and thus convert the furnace into an 


Since the vapour of alcohol, having the Bame elastic force as 
the atmosphere, contains -j-W of the latent heat of ordinary steam, 
and since its elastic force is doubled at the 206th ctegree (six below 
the boiling heat of water) with perhaps onc-third of additional 
caloric, might we not, in particular circumstances, employ this 
vapour for impelling the piston of a steam engine } The con¬ 
densing apparatus, could be, I imagine, so oonstructed, as to 
prevent any material loss of the licpiid, while more than a 
quadruple power would be obtained from the same size of cy¬ 
linder at 819°, with an expenditure of fuel not amounting to 
one half of what aqueous vapour consumes; or the power and 
fuel would be as three to one, calling their relation in ordinary 
steam one to one. A considerable engine could thus also b» 
brought within a very moderate compass. Possibly, after a 
few operations of the air pump, the incondensible gas may be 
so^effectually withdrawn, that we might be permitted to detach 
this mechanism, which, though essential to common engine, 
takes away one-fourth of their power. In a distillery in this 
country, or on a sugar estate in the colonies, a trial of this plan 
might perhaps be made with advantage." W^hile exercising its 
mechanical functions of grinding, mashing, or squeezing the 
caches, k would be converting ordinary into strong spirit for 
rectification, or for the convenience of carriage. Might not 
rach an engine be erected on a small scale, for many purposes 
of domestic drudgery? It would unquestionably furnish a 
baautifol illustration in philosophy, to moke one small portion 
• of liquid, by the agency of fire, imitate the ceaseless circulation 
and restless activity of life.*'—Phil Tran, vol criii. p. 398. 
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efficient lime-kiln. From this view of the subject, 
we think it will be seen, that however plau8i|d||^« 
or ingenious this invention may appear in theory, 
there are insuperable objections to its general 
employment. We are still, however, ^^atly in¬ 
debted to Mr. Cartwright for the mechanical 
arrangement of the engine, described in this pa¬ 
tent, as it furnishes the first hint for an elastic 
metal piston, which has since been found of tKe 
greatest use in high-pressure engines. 

The first Portable Steam Engine appears to 
have been constructed by Mr, Smeaton, who em¬ 
ployed itibr draining foundations and Other tem¬ 
porary w^orks. It had a pulley, or wheel, to 
receive the chain which communicated motion 
from the piston to the pump-rod, instead of a 
beam. The pivots of the wheel were supported 
by two inclined beams connected at top, whilst 
the cylinder and pump were bolted down to the 
groundsills. Thus, the whole machine being sup¬ 
ported by one frame of wood, it could without 
trouble be set to work in the open air. The 
boiler, which required no setting in brick work, 
was in the shape of a tea-kettle, and the fire-place 
being in the centre, was surrounded on all- sides 
by water, thus presenting the greatest poss^ible 

surface to the action of the flame. Portable steam 

> • 

engines are now employed not only in the erec¬ 
tion of bridges, and in underground excavations, 
but are also usefully applied to the purpose of 
propelling vessels and carriages: the latter appH- 

D 2 
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cation is of a very recent date. Steam navigation, 
M^twever, from its great national importance, will 
deseiredly find a place in a separate division of 
this work* 

Of Mr. Aomblower’s engine, but little need be 
said, as in pi:^^ce he was scarcely able to obtain 
a greater el^t from the expansive action of the 
steam in two cylinders, than Mr. Watt’s did in 
one j and having attempted in vain to procure an 
extension of the original term of his patent, he 
was afterwards prosecuted by Messrs. Boulton 
and Watt for an infringement on theiin^ in using 
the condefiser and air-pump. 

'The principle of the high-pressure steam en¬ 
gine depends on the power of steam to expand 
itself very considerably beyond its original bulk, 
by the addition of a given portion of caloric, thus 
acquiring a considerable elastic force, which, in 
this case, is employed give motion to a piston. 
One of the greatest advantages attendant on em¬ 
ploying the repellent force of steam, as in this 
form of the engine, consists in an evident saving 
of the water usually employed in 4 ?ondensation; 
and this, in locomotive engines, for propellulg 
carriages, is an object of considerable importance. 

Leopold has furnished a description of a high- 
Ijj^sure engine, in a very valuable wqrk on ma¬ 
chines, published in 1724. He ascribes the in¬ 
vention to Papin, to whom we have already 
luded as the inventor of the atmospheric engine. 
The apparatus described by Leupold, consists of 
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two single cylinders, placed at some distance 
from each other, each of which is provided with 
piston made to fit air-tight, and connecteda 
forcing pump. 

When steam of considerable elastu^fy is ad¬ 
mitted at the bottom of the first is 

forced upwards, carrying with it the^pver of the 
pump; at the same time that the steam or air is 
expelled from the dther. On this operation 
being repeated, or rather reversed, the steam is 
allowed to enter the second cylinder, which is 
also connected with the boiler, while the steam in 
the first;^indcr is allowed to escape into the air. 
From tl^s it jjill be evident that the process of 
condensation forms no part of the principle of the 
high-pressure engine; and that the expansion of 
gunpowder might be made to produce a pre¬ 
cisely similar effect. • 

The amazing force to be produced by the ex¬ 
pansion of highly clastic vapour, did not escape 
the penetrating notice of that towering genius, 
which was now directhig all its energies towards its 
improvement.^ Accordingly, we find in Mr. Wattes 
first patent, the following clause, which expressly 
describes this engine; “ I intend, in many cases, 
to employ the expansive force of steam to press 
on the pistons, or whatever may be used instead 
of them, in the same manner as the pressuiie of 
the atmosphere is now employed in common 
fire-engines. In cases where cold water can¬ 
not be had in plenty, the engines may be 
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wrought by the force of steam only, by dis- 
^argtng the steam into the open air after it has 
done its office.'* 

Messrs. Trevithick and Vivian were the first 
to employ the high-pressure engine to advantage, 
as they ^^gd it admirably adapted for the pur¬ 
pose of ^qklling carriages. In this case the 
steam, after having performed its office, was 
thrown off into the air; and the condenser, to¬ 
gether with the necessary supply of cold water 
which must have accompanied it, was by this 
means dispensed with. For the purpose of mo¬ 
tion, the high-pressure engine certainly possesses 
considerable advantages, not the leiist of which is 
its cheapness and portability; the danger, how¬ 
ever, attendant on the use of steam, acting with a 
force equal to from forty to eighty pounds on the 
square inch, must inevitably form an insuperable 
bar to its general introduction to our manufac¬ 
tures.* 

Mr. Wooirs improvements, which are of con¬ 
siderable importance, arc founded on the same 
principle as those of Mr. Watt, namely, the power 


* Td understand the power of a high-pressure engine, and 
the amount of caloric absorbed to produce a given force of 
steam, it^is necessary to compute this force at the various ther- 
mometine degrees of heat, commencing at the foiling point of 
water. This has been most accurately calculated by Dr. Ure, 
who, as well as Mr. Dalton, made a variety of experiments to 
illustrate this highly interesting subject, the result of which will 
be found in Appendix (B). t 
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of steam to expand itself, or increase its volume 
in a very considerable degree, after its passage; 
from the boiler. From a variety of experiments 
made on this subject, he ascertained tbatl;a quan¬ 
tity of steam having the force of five, six, seven, 
or more pounds on every square inch ^|j^he boiler, 
may be allowed to expand itself to4if iqual num¬ 
ber of times of its own volume, when it would 
still be equal to the weight of the atmosphere, 
provided that the cylinder in which the expansion 
takes place, have the same temperature as the 
steam possessed before it began to increase. 

The increased degree of temperature necessary, 
both to produce and to maintain this augmen¬ 
tation of the steam's expansive force is consider¬ 
able ; and the amount may be seen from the fol¬ 
lowing table: 


Pounds_per square heat. Expanaibility. 
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The economical mode of employing this 
principle, consists in the application of two steam- 
cylindcrs and pistons of unequal size to an high- 
pressure boiler; the smaller of which should have 
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%^mn}unIcation both at its top and bottom, with 

t steam vessel. A communication being also 
ned between the top of the smaller cylinder and 
the of the larger cylinder, and vice versa. 

When ^i^^ine is set to work» steam of a high 
temperatu^^ admitted from the boiler to act by 
its elastic one side of the smaller piston, 

while the steam which had last moved it, has a 
communication with the larger or condensing 
cylinder. If both pistons be placed at the top of 
their respective cylinders, and steam of a pressure 
equal to forty pounds the square inch, be ad¬ 
mitted, the smaller piston will be pressed down, 
while the steam below it, instead of being allowed 
to escape into the atmosphere, or pass into the 
condensing vessel, as in the common engine, is 
made to enter the larger cylinder above its pis¬ 
ton, which will make its downward stroke at the 
same time as that in the smaller cylinder; and, 
during this process, the steam which last filled the 
larger cylinder, will be passing into the condenser 
to form a vacuum, during the downward stroke. 

To perform the upward stroke, it is merely 
necessary to reverse the action of the respective 
cylinders; and it will be effected by the pressure 
of the steam in the top of the small cylinder, 
acting beneath the piston in the great cylinder; 
thus alternately admitting the steam to the dif¬ 
ferent sides of the smaller piston, whffe the steam 
last admitted into the smaller cylinder, passes 
regularly to tlic different sides of the laiger piston. 
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the communication between tlie condenser and 
steam boiler being reversed at each stroke. 

The economical application of this i^n^ne, 
may however be best understood by 
nation of its effective force when applira to the 
raising of water. It spears that^^double cy¬ 
linder expansion engine was bi^tructed for 
Wheal Vor mine in lbl5. This has a great cy- 
Under of fifty-three inches in diameter, and nine 
feet stroke, the small cylinder being about one- 
fifth of the contents of the great one. The en¬ 
gine works six pumps, which at every stroke raise 
a load of water of 37,982 lbs. weight, seven feet 
and a half high. This produces a pressure of 
14.1 lbs. per square inch on the surface of the 
great piston, while its average performance may 
be estimated at 46,000,000 lbs. raised one foot 
high with each bushel of fuel. 

The great mass of inert matter contained 
in the working beam of the reciprocating en¬ 
gine, must of necessity produce a proportionate 
waste of power; each elevation of the piston ' 
causing a cliange from a state of rest to motion, 
and vice versa. This, however, is in no small de¬ 
gree enhanced, by the necessity of employing a 
fly-wheel of considerable weight to equalise its 
motion. To prevent this loss of power, a variety 
of contrivances have been suggested, for the pur¬ 
pose of producing a continuous action, without 
the intervention of a cylinder and piston, thus 
dispensiug with the beam and flywheel. 
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To produce a continuous rotatory motion, is, 
ilO^Fever, little more than a return to the simple 
principles on which the earliest engines were con¬ 
structed. We have already stated, that the Italian 
philosopher Brancas, directed steam of consider¬ 
able repellent force against the vanes of a wheel, 
which was employed to give motion to a stamping 
press, though the force obtained must have been 
very inconsiderable. The principle of this in¬ 
vention was also tpplied to a very ingenious, 
though we fear useless rotatory engine, con¬ 
structed by Kempel. 

It consisted of a hollow cylinder, furnished 
with two arms, at tiie end of which were trans¬ 
verse apertures; and this was connected with a 
large seolipile or boHer, by means of a moveable 
socket. The steam employed to drive the arms 
W’as of considerable elasticity, and rushing out at 
the apertures with considerable violence, pro¬ 
duced a rotatory motion. 

About the same period, Mr. Sadler, of Oxford, 
took out a patent for a similar machine, though 
we are not aware that it was ever usefully em¬ 
ployed, the rarity of steam being such, that even 
if none be condensed by the cold of the atmos¬ 
phere, the impulse must necessarily be exceed¬ 
ingly feeble, and the expense of steam, to produce 
any serviceable effect on the machinery, exceed¬ 
ingly great. 

A very ingenious, and not less simple mode of 
prodi^ng a continuous rotatory motion, is de- 
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scribed by Mn J. Cooke in the Transactions of 
the Irish Academy.* It consisted of a 
with moveable valves or flaps on its circumfereni^, 
turning freely on joints, which admit^ld their 
openings only to a line passing through the centre 
of the wheel. These, when clo^d, lay exactly 
on a level with its outer extremity, bui when 
open fell down perpendicular to it. The wheel, 
thus formed, was enclosed in a case, which fitted 
it exactly, while the upper valves were close and 
the lower extended. Tlie steam in its passage 
from the boiler to the condenser, pushed the ex- 
tended valves, and thus gave motion to the wheel. 
A working model of this engine, without the con¬ 
denser, was, wc believe, exhibited before several 
members of the academy. In this instance, how¬ 
ever, it must have acted as a high-pressure 
engine, discharging the steam at each division of 
the wheel; and we very much doubt whether it 
woiild be possible to pack the hanging valves suf¬ 
ficiently tight to admit of their readily falling to 
the position described by Mr. Cooke. 

Several other attempts have also been made to 
produce a continuous rotatory motion, the most 
important of which will be found in the analysis 
of patents prefixed to this work; but the only one 
which appears at all likely to succeed in practice 
has lately been. invented by Mr. Masterman, 
and to this we would more particularly call the 


* Vol. iii. p. 113. A.D. 
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reader’s attention. In his engine, Mr. Masterman 
l^^oses to employ water as the propelling power, 
be effects, by enclosing it in the tubular 
rim of wheel, furnished with valves open¬ 

ing in c^^^Urection. This wheel is made to re¬ 
volve on a hollow axis connected with the steam 
boiler. The arms which radiate from the axis 
are also hollow; and on the admission of steam 
from the boiler, it is conducted through the arm 
immediately opposite, and entering the rim of the 
. wheel, comes in contact with, and presses against 
the column of water on the one side, and the 
closed valve on the other. The water behjkg pre¬ 
viously heated to the boiling point, no coifden- 
sation ensues, but the whole weight of water, 
"Nvhich was previously balanced in two columns of 
equal length, is driven by the pressure of the 
steam to the side opposite to that at which the 
elastic vapour entered, and that side of the wheel 
will necessarily preponderate. If this process be 
repeated, the steam being allowed to blow through 
each radiating arm in succession, a continuous 
rotatory motion will be produced. Should it be 
found adviseable to employ steam of less elasticity, 
a condenser may be added, and this too without 
materially increasing the expense. 

In Messrs. Boulton and Watt's BelUcrank Engine;, 
the cylinder is supported by brackets proceeding 
from a cast-iron condensing-cistern, and is placed 
over one end of it. The beam which is formed 
liKe^^igbt-angled triangle, has its centre of mo- 
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tion at the right angle, and the axis of it is 
ported by bearings screwed to the cistern; an ^ j M 
the opposite end to that upon which the^Klmi^ 
is placed, the horizontal arm of the trisi^Pl forms 
the working arm of the beam, to the ei^fehiity of 
which the power of the cylinder is applied. The 
connecting rod is jointed at the upper end of the 
perpendicular arm, and extends to the crank, 
which is supported in bearings screwed to the 
cistern at the same end at which the cylinder is 
placed, the efentre of motion being at the same 
level with the^top of the cistern ; and beneath the 
cylin<ter, the hypothenuse of the triangle of the 
beam forms a brace to strengthen it. Two of 
these beams are used, and are applied on opposite 
sides of the cistern, upon the same axis of raotiop,'' 
and are united together by cross rods, thusTorm- 
ing two connecting rods and cranks upon one 
axis of motion, the fiy-wheel being placed at one 
extremity of the axis. To connect the piston-rod 
with the ends of the arms of the beam, or the base 
of the triangle, a rod is fixed across the top of the 
piston rod; and to the two ends of tfiis two other 
rods are linked, which descend to the beam, and 
are pointed to it at the ends- By this means, the 
ascebt and descent of the piston-rod produce a* 
corresponding action of the beam upon its centre 
of motion; the upper end qf the perpendicular 
arm moving backwards and forwards, thus by 
means of the connecting rods turning the cranks. 
The rods which descend ftom the bar, whiiihMs 
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ficied across the top of the piston-rod to the ends 
beams, are so constructed, as to preclude the 
isity of employing the parallel motion. This 



engin^Jl^very compact; it requires no fixing, and 
the air^p^iillp which is placed in the middle of the 
cistern, is worked by two rods jointed to the hori¬ 
zontal arms of the beams. 

The atmospheric engine was first employed in 
North America, about 1760 , and two engines on 
Uiis principle were erected in New England be¬ 
fore the revolutionary war. One was also em¬ 
ployed for the purpose of draiiiing Schuyler cop¬ 
per miqe, on the river Passaick, in New Jersey. 
The greater part of these engines, however, were 
q;xecuted in England. Some idea of the slow 
pi^filg^ss which has been made by our transatlantic 
brethren, in this very important invention, may 
be furnished by the following fact, that no more 
than four engines of any importance were at 
work in the whole continent of America at the 
beginning of the present century. Of these, two 
were erected at New York, the first of which was 
employed fof the supply of that city with water,* 
and th^ other gave motion to a saw-mill. The 
ropaaining two were erected at Philadelphia, and 
-belonged to the corporation of that city. 


* TbiB engine U upon the principle of Boulton and Watt's 
4isfible action engines. It has two boilers; one of wood, and 
"tile other of 6heet iron. The fly ia driven by a 8un-and>planet 
wheel, and the shaft works three small pumps. 

b 
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The city of Philadelphia was for many years sup^i* 
plied with water by means of a low-pressure 
gine; Mr. Evans, the Trevithick of .A# 
has, however, lately substituted a higb<|mssure 
engine in its place. By this means, in alone, 
a saving of seventeen dollars per day has been 
effected. 


Trinidad appears to have been the first West 
Indian colony in which the resident planters could 
overcome their ancient prejudice in favour of the 
cattle mills, T^ich arc still generally employed on 
sugar estates. Mr. William Lushington, who had 
a considerable property on that island, introduced 
a large engine by Boulton and AVatt in 1804f and 
so great was the saving effected by its use, that 
the labour of three mills, each of which were 
equally expensive, was usually performed by the 
one machine. 


From the result of some experiments lately 
made with two steam engines, constructed by Mr- 
Maudslay for the island of Ceylon, it appears, thal 
this species of power has been equally efficient in 
the dressing of rice and preparation of oil. The 
apparatus employed for this purpose w^ con¬ 
trived by Mr. Hoblyn, a gentleman well known 
for his distinguished scientific attainments, and it 
has been found that, allowing three hundred work¬ 
ing days in the year, and the engines to work ten^ 
hours per day,, they would atfnually convert 
576,OCX) of paddy into a quantity of rice equal to 
147,347 bags, which, at nine rix-doilars a bi^. 
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'Would amount to 116,035/. sterling, while the 
quantity of paddy being converted into rice 
e common method, would produce only 



^ The saving, therefore, by these two 
machihep^ more than 50,000/. per annum. 


Blit the introduction of this valuable mecha¬ 


nical agent to the mines of South America, did 
not take place till 1815; and in the following 
year a report on the subject was published in the 
Lima Gazette. After describing this important 
event, it adds, ** Immense and inc^l^nt labour, 
and boundless expense, have conquered diflicul- 
ties hitherto esteemed altogether insup^ble; 
and we have, with unlimited ad miration J ’wit- 
aessed the erection, and astonishing operation of 
the first steam-engine. It is established in the 
celebrated and royal mineral territory called the 
mountain Yaiiricocha, in the province of Tarma; 
andVehave the felicity of seeing the drain of the 
firsi shaft in the Santa Rosa mine^ in the noble 
district of Pasco.*' They add, “ We arc ambitious 
of transmitting to posterity, the'details of an un¬ 
dertaking of such prodigious magnitude, from 
which we anticipate'® torrent of silver, that shall 
fill surrounding nations with astonishment.*’ 

It appears that the new world is principally in¬ 
debted to the agency of M. Francois Uville for 
iikis improved era in their mining annals. This 
gendemah havihg found that a large portion of 
th© most valuable mines in Peru were falling into 
decay, and in some .cases totally drowned from 
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the impossibility of draining them by manual labour^ 
a|)plicd to Mr, Trevitljpck of Camborne in 
wall, one of the patentees of the higb-pra 
ginc. This ingenious mechanic appU^^^^mself 
with such extraordinary diligence to tli^^^tibject, 
that in less than nine months the materials for as 
many engines were completely ready ior their 
destination. This apparatus, which cost about 
ten thousand, pounds, left Portsmouth in the be¬ 
ginning of S^tember, 1811 , accompanied by M. 
Uville and ^^^e Englishmen, to direct the erec¬ 
tion of the^machinery. 

Mr* Trevithick was afterwards employed to su¬ 
perintend the Royal Mint established at Lima, 
and on his arrival in »South America, was received 

m 

with such enthusiastic gratitude, that the Lord 
Warden proposed to erect his statue in massive 
silver. The engines employed were exclusively 
on the higli-prcssure principle, and will be found 
under fils patent in the Appendix to the present 
work. Indeed this appears to be the only engine 
likely to act witli^an advantageous effect, the ex¬ 
treme rarity of the atmosphere in those elevated 
regions, precluding the economical use ,of the 
common engine. 

We have hitherto viewed the steam engine, when 
employed as a^ubstitute for animal force, jn giv¬ 
ing motion to mills, raising of water, and a variety, 
of other employments, all of which, however, are 
a fixed and stationary nature. But somd pro¬ 
gress has likewise been made towards .the applica- 
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tipn of the same power to moveable macluiicry, 

A,* 

1^ when constructed for f^is purpose it is called 
engine. 

TheH^mploymeut of an ^intcrnal mechanism to 
impel waggons on a plane road is of very early 
date, but the first application of the steam engine 
to this purpose took place, we believe, in the Royal 
Arsenal at Paris, towards the close of the last cen¬ 


tury. From this time till 1809, but little progress 
appears to have been made in the use of this spe¬ 
cies of wheel carringe; but aboutt^the latter ])e- 
riod, Mr, Trevithick commenced a series of expe¬ 
riments on the use of the liigh-prcssiire engine 
for the above purpose; and this, with some im¬ 
provements, lias since been adopted. 

* 

When these engines were first tried, it was 
foiind difficult to produce a sufficient degree of 
re-action between the wheels and the track road, 
so that the tbrmcr turned round without ad\anc- 


ing the vehicle. This was rehiedied by Mi*. Rleii- 
kinsop, who, when he adopted this species ofeon- 
* veyance, took up the common rails on one side of 
- tlie whole length of the road, and replaced them 
Yith rails which had large and coarse cogs pro¬ 
jecting from the outsid(?. The impelling wheel of 
^the engine was made to act in these tcctli, so that 
it cont^ued to-work in a rack the whole len^h 

of the r3ad. 

An engine qf four horses’ power, employed by 
Mr. Blenkinsop, impelled a carriage lightly loaded 
at . the rate of ten miles an hour, and when con- 
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noefed with thirty coal waggons, each weighing 
more than three tons, il went at about 
(>l lliat pace. 

The application of the steam engine^^*impel 
carriages on the public roads, has hitherto been 
considered as a refinement in^ mechanics, rather to 
be wished for, than a matter of reasonable expec¬ 
tation. It lias however been stated, that a vehi¬ 
cle of this description is now constructing in Ire¬ 
land, intendedi^as a stage-coacli, and it is added, 
that when loaded with a weight equal to four.tons, 
it will be enabled to advance at the rate of fifteen 
English miles per hour. But it must, we think, 
be sufficiently apparent that ti*c employment of 
this species of‘ prime mover on a coimnori gravel 
road, would be in the highest degree destructive, 
and a considerable increase in the toll worild be ti/e 
ccrlain consequence. 

In prool', howcvoi;, tliat the necessity of enr 
ploying an iron tra<5k-road for these vehicles is 
not so serious an objection as at first view might 
be supposed, more particularly in our mining dis- ^ 
tricts, the neighboui'Rood of Newcastle alone, af- ^ 
fords, within an extent of twenty-eight square 
“miles, more than sev^ty-five miles fitted for this 
species of conveyance; and it is a well known^ 
fact, that there arc many situations in wSi^h iron 
rail-roads miglit be advantageously emplSyed, i« 
which it would be quite fimpossiblt; to open a 
navigable canal. 
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CHAP. III. 

Lifroducfhm and Imin'ovements effected Hath — 

Duijuet-^ovffrttf — Ftdton — Miller—StfjnhigtoH 
— Sfa}ihope~ — Jdnnnker—Thames and Chjde boats 
—Progress of Steam Xavigationjn America, 

Xhe possibility of employing steam as a moving 
power in the inn'igation of vessels, was known early 
in the last century; its practical application how¬ 
ever, on a largo scale, has not been fully established 

above twcnlv vears. 

•/ 

In Savery recommended the use of pad¬ 

dle-wheels, similar to those now' so generally em¬ 
ployed in steam vessels, though w'ithout in the re¬ 
motest degree alluding to his engine as a prime 
mover; and it is probable that he intended to em¬ 
ploy the force of men or animals working at .ti 
winch for that j>urposc. About forty ycars^aftcr 
the publication of this mode of propelling vessels, 
Mr. Jonathan Hulls obtained a patent for a vessel 
in which the paddle-wheels were driven by an at¬ 
mospheric engine of considerable power. 

In describing Ins mode of producing a force 
sudicient for towing of vessels, and other purposes, 
the ingenious patentee says, “ In some eoqvcnicnt 
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part of the tow-boat there is placed a vessel about 
tlrp>tbirds full of water, with the top dose shut ; 
thfs vessel being kept boiling, rardies the water 
into a steain: this steam beinj; conveyed throuiih 
a large pipe into a cylindrical vessel, and there 
condensed, makes a vaciinm, which causes tlic 
weight of the atmosphere to press on this vessel, 
and so presses dow!i a piston that is fitted into this 
cylindrical vessel, in the same,manner as in ^Ir, 
Newcomen’s engine, will) wliich he raises water 
by fire. 

“It has been already demonstrated that when 
the air is driven out of a vessel of thirty inches 
diameter, (which is but two feet and a half,) the 
atmosphere will press on it to tlic weight of 4 tons 
U) cwt. and upwards j when proper inslruincnts for 
this work are a|)plicd to it, it must drive a vessel 
with great force.” 

Mr. Hulls’ patent is dated 1756, and he cm- 

» 

ployed a crank to produce the rotatory motion of 
bis paddle-wheels, and this ingenious mode of 
converting a reciprocating into a rotatory motion, 
was afterwards rcconmieiidcd by the Abbe Anial, 
r*anon of Aluis in tanguedoc, who, in 17S1, pro¬ 
posed the crank C>r the purpose of turning pa<l- 
^tllc-wheels in th^ navigation of lighters. 

It is prohdbic tiiat Mr. Hulls anticipated sonic 
objection to his new mode of propelling vessels, 
■and it appears from Captain Savory’s statement, to 
which we have already alluded, that a strong pre¬ 
judice had been raised against the use of propel-' 
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liiifT wheels in vessels. Mr. Secretary Trcnchart^ 
who was at that time at the head of the Adaiir5|^J 
had also given a decided negative to the proposi¬ 
tion. In answer therefore to the objections which 
might have been anticipated, Mr. liidls proposed 
liic JpIIowing queries, which he afterwards solved 
in the most satisfactory way. 

“ Query 1.—Is it possible to fix instruments of 
sullieient strength to move so prodigious a weiglit, 
as may be contained in a very large vessel? 

jl/t.swer, —All mechanics will allow it is possible 
to make a machine "to move an immensp weight, if 
there is force enough to drive the same, for every 
member must be made in a proportionable strength 
to the intended work, and properly braced with 
laces of iron, so that no part can give way, or 
break. * 

Query 2,—Will not the force of the weaves 
break any instrument to pieces that is placed to 
move in the water? 


An.sxcer. First, It cannot be supposed that this 
maeiiiiie will be used in a storm or tempest dt sea, 
wlien the waves are very raging ; fc)r if a merchant 
licth in a harbour, &c. lie would not choose to put 
out to sea in a storm, if it were possible to get out, 
but rather stay until it were abated. Secondly, , 
when tlie wind comes ahead of the low'-boat, the 
fans uill be protected by it from tlie violence of 
the weaves, and 'h hen the wind comes si(Ic-.ways,, 
the waves will come, edge-ways of the fans, iind 
therefore strike them with the less fbrpc* Thirdly, 
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|there may be pieces of timber laid to swim on the 
of the water on each side of the Ians, and 
so'^^ontrived as they shall not touch them, wliicii 
will protect thenj^from the force of the j;\'avc‘^. 

Up inland rivers ^Yhcrc the bottom can ])os. 
sibly be reached, the fans may be taken oiit,^and 
cranks placed at tlic hindmost axis to strike a sliaft 
to the bottom of the river, wliich will drive the ves¬ 
sel forward with the greater force. 

Quer^ 3. It being a continual expense to keep 
this machine at work, will the expense be an¬ 
swered ? 

Ansxccr. The work to be done by tins ma¬ 
chine will be upon particular occasions, when 
all other means yet found out are wholly insuf. 
ficient. How often does a merchant wish that his 
ship w'cre on the ocean, when, if he were there, 
the wind would serve tolerably well to cany him 
on his intended voyage, but docs not serve at tlic 
same time to carry him out of the river, kc, he 
happens to be in, which a few' Iionrs’ work at tins 
machine-would do. Besides, 1 know engines that 
are driven by the same power as tliis is, wlierc 
matepals for the purpose are dearer than in any 
navigable river in England. Experience, there¬ 
fore, demonstrates, tiiat the expense will be 
but a txifle to the value of the w’ork performed 
by those sort of machines, which any person who 
knows the nature of those things may easily cal¬ 
culate.*' 

M. Dufpict appears to have tried revolving 
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oars as early as the year 1C99, and experiments ^ 
Avcrc made with thym on a large scale both 
Marseilles and at Havre;* this mode, however, of 
impclling^vcssels was soon giv^n up as imprac¬ 
ticable; and after our countryman. Hulls, the 
Marquis dc Jouffioy unquestionably holds the 
most distinguished rank in the list of practical 
engineers, who have added to the value of this 
invention. 

It is evident from an article published in the 
Joi/rnol des Debuts^ tliat in 1781 the Marquis 
constructed a steam-boat at Lyons, of 140 feet in 
length, Witli this lie made several successful 
experiments on llic Saonc, near that city. The 
events of llic revolution, which broke out a few 
years afterwards, prevented M. dc Jouffroy from 
})rosecuting this undertaking, or reaping any ad¬ 
vantage from it. On his return to France afler a 
long exile, in 179G, he learned from the news¬ 
papers that M. l')c Blanc, an artist of Trevoux, 
had obtained a patent for the construction of a 
steam-boat, built probably from such information 
as he could procure relative to the experiments of 
the Marquis. The latter appealed to the gpvern- 
ment, which was tlicn too much occupied with 
public affairs to attend to those of indivicluals. 
Mcanwliilc Fulton, who had gained the ^ame in¬ 
formation, and was making similar experiments 


* Vide Rccucil ilc Machines npprouidcs par L’ Academic 
Royalc de Sciences, tome i. 173. 
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S thc Isle dcs Cvgncs, alarmed M. Dc ]>lanc, 
inew that iic had much more to fear from tiie 
race and mechanical skill of an Anglo-Ame¬ 
rican, than from|||iat of an cniigraiit. IJe accord¬ 
ingly alleged his patent right, and requested the 
stoppage of Mr, Fulton’s works, who returned for 
answer, tliat his essays could not affect France, as 
he had no intention to set up a practical comjie- 
tition upon the. ri\xrs of tliat country, but should 
soon return to America, which he actually did, 
and commenced tiie erection of those engines to 
which he lias since laid claim as exclusive in¬ 
ventor.* * 

Shortly after the first experiments were made 
by the I\Iar([uis dc Jouffroy, a gentleman of the 
name of Miller, who resided at Dalswinlon, pub¬ 
lished a work, in which he described the appli¬ 
cation of wheels to the working of* triple vessels 
on canals; and in 1704 he completed a model 
of a boat on this construction, impelled by a 
steam engine. 

From this period till 1801, but little progress 

appears to have been made in this species of na- 

vigJiti«n : in tiiat year Mr. Symington, who had 
% 

k » 

* The Quarterly Review, in an admirable article inserted in 
the thirty-eighth number of that work, very justly cxj>osc3 the 
pretensions of the Americans to this invention; and points out 
some of the advantages which society owe^^to the above modest 
and jihilfinthropic indivulual, not the least of whicli is the at¬ 
tempted introduction of tlie torpedo, and other apparatus for 
destroying human life l>y •wdiolcsalc. 
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been employed in the construction of Miller*|| 
vessel, tried a boat propelled by steam oa;4jNP 
I'orth-and-Clydc Inland Navigation : this, 4fcw- 
cver, was.sliortly laid aside, o^, accoiint of the 
injury witli which it threatened the banks of the 
canal, troin the violent agitation produced by the 
paddlc-whcels- 

Mr. Symington’s mode of connecting the pis¬ 
ton and paddle-wheel, was by placing the cy¬ 
linder nearly in an horizontal position, so that by 
this means the necessity of employing a working 
beam was avoided. The piston was also sup¬ 
ported in its position by friction-wheels, and com¬ 
municated, by means of a rod, with a crank con¬ 
nected with tlie wiieel, which imparts a motion 
to a pathlie somewhat slower than its own. *The 
j)addle-w'lu‘el m as j)laccd in the middle of the boat 
towards the stern, and on this account it became 
necessary to ha\ e a double rudder, connected by 
rods, wliicli wcic moved by a winch placed at the 
head oJ'tlie bout. 

Mr. Symington also employed stampers placed 
at the head of tlic boat, lor the ])urposc of break¬ 
ing the ice on canals; and this jdan, "wc baJicve,^ 
was also adopted in the original construction'of 
the vessels intended lor the Arctic expedition. 

In 1795, a very ingenious apparatus \vas in¬ 
vented by Lord . Stanhope, and tried by that no¬ 
bleman in Greenland Dock. In.this cxperimcfit, 
the paddles were made to resemble the feet of u 
duck, and were placed under rfic quarters of the 
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.vessel. This plan was also tried in America, but 
ll^j^oes not appear in either case to Iiave answered 
tH6 expectations of its projector. 

A plan has also been tried which in some mea¬ 
sure resembles Ae French chain-pump. This 
was, we believe, first employed in the Duke of 
Bridgewater’s canal, and consists in the use of a 
chain, witli a number of paddles attached to it, 
going over two wheels placed level with tlic water 
line. A steam engine acting on the foremost 
roller, gave motion to the chain, and a continuous 
parallel motion was thus effected. 

In 1800 Mr, Linnakcr obtained a patent for 
propelling vessels by forcing a stream of water 
from llic stern, an additional supply being at 
the same time drawn in at tlic head of tiic vessel. 
This ingenious contrivance, liowcvcr, appears to 
have been practised nearly a century back : a ^cry 
circumstantial account of the apparatus for this 
purpose being prefixed to the Spccimtna Ichnogra- 
jyhica of Jolm Allen, publislied in 1780. 

The first really practicable, and we may add 
profitable attempt at steam navigation in Europe, 
appears to liavc been made Oii the Clyde in the 
year ISIS. This was a vessel for the conveyance 
of passengers, with an engine of only three horses’ 
power, and which ■vv'as of considerable draught. 
On account, however, of the numerous shallows in 
our rivers, it has.sincc been found advisable to con¬ 
struct tlic vessels employed in tliis species of na¬ 
vigation so as to.draw as little water as possible. 
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The greatest number of boats now in use either 
on the Thames or Clyde navigation, are fitted up’’ 
ibr the conveyance of passengers. They' Have 
two cabins, one before the engine, which is 
smaller, and at a reduced price, Vhile the secojid, 
or large cabin, is usually fitted up in the most 
elegant manner. In some cases the cabins enjoy 
tlic additional advantage of being heated by 
steam, wliilc others are heated by means of a 
piini]), which forces a current of air over the 
chimney into tlic cabin. The engine-room is 
seldom more than twenty feet in length, and 
little more than half as many in widtii ; this 
being sufiicicntly large for an engine of twenty 
horses’ power, with all requisite ajiparatus, two 
boilers, and abundant stowage for coals. By an 
ingenious contrivance, the chimney, which is of 
considerable heiglit, is made to lower nearly level 
with the deck. The joint that covers the flue 
during this process, acting upon the same princi¬ 
ple as the sliding shells of a lobstcr^s back, which 
completely j>rcvcnts the escape of smoke. 

From a series of accurate experiments and cal¬ 
culations lately it appears, that the expense 

attendant on tlic navigation of a small vessel is 
much larger in proportion, than wlicrc an engine 
of greater power is employed; and, consequently, 
we find that stcamJjoats of great burden are now 
constructed. Jn America, more particularly, these 
boats usually rim from three to four hundred tons 
burden, the great width of thei^ .rivers rendering 
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^^yessels of tins sizfe perfectly manageable. Rfr. 

however, recommcntls the nsc of u 
ve^el, whose dimensions shhll not cicecd scaciKy 
feet m keel, and ninety tons bunion, as the most 
eligible size for^^^luggage and passage boat. 

It has beei^^i|(|J^d, and we think Avith sonic de¬ 
gree. 6f reason, that the security and comfort of 
passengers- by steanphoats would be best con- 
suited by. the employment of a subsidiary vessel of 
sufficient burden to convey the engine and licavy 
luggage. By tlic adoption of this plan» the 
danger to the passengers from the bursting of the 
boiler, dr othcr-ap]iaratus, would be entirely pre- 
venfed, and the high-prossurc engine generally 
erapldyed. It would also remedy the loss and in¬ 
convenience attendant on the continual shakimx 
- - _ ® 
of, the vessel, which, if large and Iii;!itly con¬ 
structed, wfll bc shaken asunder by the engine iu 
a very sKoVt period. And last, though ^certainly 
not the least among the advantages likely^to ac- 
crue.from the adoption of this plan, it >vould ma¬ 
terially diminish the disagreeable effect arising from 
the heat of the furnace* and noise of the engine. 

To remedy the inconvenience that has some- 
times been expericticed from the difference in the 


draught pf^xsscls by whicli the paddle-wheels are 
at one time sUnk benC^th th^ centre of their axis, 
while at anothcr^time* they ^arccly touch the 
water, a mode of adjusting their relative height 
has been introduced. -AA apparatus calculated to 
► cfFcct this very desirable objcct,'*withopt retarding 
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the motion of the vessel, was lately presented to 
the Society of Arts, by Mr. Dickson, who re- 
ceived the silver medal for the abo^{p costfnki^ 
ihcation. 

A 

Mr. D. states, that 4;hc great utility of this 
improvement consists in its appl^^ton to sailing 
vessels: for instance, suppose a-'sleam vessel to 
be going direct against the wind by means of the 
V. hole power of her steam engine, and that the 
wind should change and become favourable, the 
propellers may, by these means, be immediately 
raised out of tiic water, and the vessel allowed to 
have the whole effect of the sails, thereby saving 
the expense of liicl. All steam vessels now iq* 
use, experience so great an impediment from the 
jjropeilers being always in the water, as to render 
siiils of no i)enctit. Anothci* advantage will be de¬ 
rived when there is only a gentle breeze in the 
vessel’s favour, as the propellers can be .set to 
work, which will take hold of the water at plea¬ 
sure, and thereby unite the power of the steam to 
tliat-of thew'ind, w'hich will secure the passage in 
the given time, at much less expense, as the en¬ 
gine will only consume.fuel in })roportion to the 
labour it has to perform. A farther advantage 
will be found'when the vessel lias only ^ side 
wind: for, by the use of this contrivance, one of 
the propelling wheel? can be worked with its full 
power in the w^tcr, and the other,entirely lifted ■ 
out, if necessary. 

Tor the purpose of accurately trimming the ves- 
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sell Mr. Dodd recommends the use of a tank or 
^Istern, placed beneath the projcctini^ deck on 
eaSli side^the vessel, the water Ijallast for wliich 
maybe raised by the working;'of the engine. 'Ihis, 
on being discharged by means of a plug, would 
give a prep^aerance to the opposite side of the 
vessel, and as it would be placed at the end of a 
lever, the fulcrum of which is the keel, a small 
quantity of water would have considerable effect. 
A contrivance nearly similar to this, has been 
adopted for a considerable period of time on boar{l 
one of the (Jravesend steam vessels. It consists 
in the use of a small carriage made to contain an 
iron cable, which is occasionally employed to 
inoor.the vessel, and its weight is such that the 
vessel may readily be-lrimmcd by moving it from 
side to side. 

Mr. Maudslay has lately constructed a large 
cftigine for a steam-boat invented by Mr. Brunei, 
which has two cylinders acting alternately upon 
different cranks, formed upon the same axis at 
right angles to each other, so that the motion is 
continued without the action of a fly-whccl. In 
this engine, one boiler is placed between the two 
cylinders, and one air-pump and condenser ex¬ 
haust them both ; so that by these means an en¬ 
gine of considerable power is contained in tlie 
smallest possible space. 

Some idea of the prevalence of steam navigation 
in the more northern parts of our island, may be 
• formed from the following estimate of the* number 
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of passengers wlio have availed themselves of this 
sj)ccies of conveyance in the course of one year,,- 
On the Forth and Clyde canal, between 
and Edinburgh, 94,250; between Glasgo^’ and 
Paisley, by the Ardrassan Canal, 51,700; and 
from Glasgow, along the Monkland canal, 18,000, 

Steam-boats of a large size aye now employed 
ill the Adriatic, One (La Carolina) goes regularly 
cvci-y second day from Venice to Trieste; another 
(L* J'^ridano) passes between Pavia and Venice, 
and with such celerity, that the voyage is accom- 
plishcd in thirtj^-seven hours. 

We have now to notice the labours of our trans¬ 
atlantic brethren iii this important branch of naval 
engineering. Profiting by the hints thrown out 
both by the Marquis dc JouffVoy and Mr. Miller, 
Fulton, who had also seen Symington's boat, order¬ 
ed an engine capable of propelling a vessel to be 
constructed by Messrs. Boulton and Watt. This 
was sent out to America and embarked on the 
Hudson in IS07,* and such was the ardour of the 


♦ Its first ;ip|)eiirancc on these waters, is thus described by 
the biographer of Fulton. 

'' 8he had llie most terrific appearance, from other vessels 
wliicli were navigating the river, when she was making her 
passage. The first steam-boats, as others yet do, used dry 
j)iue wood for fuel, which sends forth a column of ignited vapour 
many feet above the flue, and whenever the fire is stirred a galaxy 
of sparks fly o£f, and in the night have a very brilliant and beau¬ 
tiful appearance. This uncommon light first attracted the atten¬ 
tion of the crews of other vessels. Notwithstanding the wind 
and tide were adverse to its approach iChey saw with astonish- 


F 
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Americans in support of this apparently new dis- 
icovery, that the immense rivers of the new world, 
great width gave them considerable advan¬ 
tages over the canals and narrower streams of Eu¬ 
rope, were 9Cmn navigated by these vessels. 

The city^jlPpvNew York alone possesses seven 
steam-boats, ©i^ bomnierce and passengers. One 
of those on the Mis^ssippi passes two thousand 
miles in twenty-one days, and this too against the 
current which is perpetually running down. The 
above boat is \2b feet in length, and carries 400 
tons, at a very shallovr draft of water, and conveys 
from New Orleans, whole ships’ cargoes into the 
interior of the country, as well as passengers. 

The following list of stcain-boats now in opera¬ 
tion on the river Mississippi, and its tributary 
streams, has been published by Mr. Robinson. 



T»fu. 


Toitt, 

Vesuvius 

390 ! 

: Kentucky 

SO 

Etna 

390 

j Governor Shelby 

120 

Buffalo 

300 

I Mutlisuii 

200 

James Monroe 

90 

Ohio 

443 

Washington 

400 

Napoleon 

332 

Oonstitution 

75 

Volcano 

250 

Hamot 

40 

General Jackson 

g- - -- - 

200 


went that it was rapidly coming towards them ^ and when it 
came so near as that the noise of the machinery und paildles 
was heard, the crews in sope instances shrunk beneath their 
decks from the terrific sight, and left their vessels to go on 
shore, while others prostrated themselves, and besought Provi¬ 
dence to protect tben^ from the approaches of the horrible mon¬ 
ster, which was marcliing on the tiiles, and lighting its ])ath by 
the fires which it vomitotl. 
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Tofu, 

Eagle 

70 

Experiment 

40,^ 

Hecla 

70 ^ 

1 St. Louis 

- 

100 

Henderson 

85 

Vesta 

Johnston 

80 

KifUeman 

350 

Cincinnati 

120 

Alabama f- 

200 

Exchange 

200 

Rising Staics'i^ 

150 

Louisiana 

54 1 

General Flke 

250 

James Ross 

320 

Independence 

300 

Frankfort 

320 

Paragon 

400 

Tamerlane 

320 

Maysville 

150 

Cedar Eranch 

250 1 

\ 

Total 

7259 

• 

Bnilding, 



Tom. 


Tom, 

2 atPittsburgliof 180 tons 360 

I at Portland (Kentucky) 300 

2 at Wheeling, of 500 and 

» 

3 at New Albany each 220 660 

100 

600 ; 

4 at Clarkesvillc 

500 

2 at Steubenville 

90 ,| 

j 1 at Salt River 

160 

1 at Marietta 

130 ‘ 

1 at Yevay 

no 

1 at MaysNille 

110 

t 

1 at Madison 

120 

2 at Cincinnati 

720 

1 at Rising Sun 

90 

2 at Cincinnati 115 and 


1 on the Wabash 

SO 

250 

365 ’ 

2 at New Orleans each 200 400 

2 at Newport 

1 ut Jeffersonville 

500 

700 1 

Total 

5995 


III addition to v;hich there have been lost by 
accidents of different kinds, the following steam¬ 
boats : Orleans, 4-00 tonsj Comet, 15; Enterprise, 
45; Dispatch, 25; Franldin, 125 ; Pike, 25; New 
Orleans, 300., 

The Savannah, of 350 tons burden, crossed the 
Atlantic, agd arrived at Liverpool frorn the United 
States in twenty days, the greater part of which 

f2 
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time the steam engine was in action. The steam 
apparatus in this vessel occupies the greater part 
the hold from the inain-inast to the fore-mast, 
a small space being reserved at each side for llic 
conveyance of coals which in this cmrinc amounts 

•• o 

to about ten tons per day^ and from this it will be 
seen tliat there is but little room can possibly be 
left for the stowage of cargo, &c.* 

'I'lic paddle-wheels in the Savannah, arc aflixcd 
to a cast-iron axlc*trcc, passing through the sides 
of the vessel above the bends; nearly the whole 
of each wheel being tahen to |>ieees, and rc^ 
moved in the event ol' bad weather: two prin¬ 
cipal arms, whicli arc also ol' cast metal, being 
the only parts remaining, and tliese in high seas 
are placed in a liorizonta! ])o,sition, producing 
but little inconvenience in the navigation of the 
vessel. 

According to ^Ir. Iluclianan the expense of a 
steam boat on the Clyde navigation, witli two en¬ 
gines, each of which make lbrt}'-fivc twenty-two 
inch strokes per minute, appears to be rather 
more than two thousand pounds.1 The following 
estimate contains the separate items. 


* Vide Act regulating the Stowage of Steam-vessels, in Ap¬ 
pendix. 

f The nuraher of bands employed in this vessel were eight; 
viz. captain, pilot, engine-man and assistant, seaman and as¬ 
sistant, and tlie steward and assistant. Those carrying goods 

only, have seldom more tlinn five hands. 

# ' 
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7'lie hull . ^ 700 

Steam Engine.700 

Padille wheels ami other machinery .. . 300 

Joiner’s work. 200 

Ujjholstcrers’ work . 70 

1970 

(contingent expenses . 330 

_____ 

^2300 


Mr. Dotld estimates the expense of completing 
a vessel of an hundred tons burden, and drav. ing 
lour feet six inches water, at about six tliousand 
]) 0 unds; while the first cost of a steam-boat on 
Mr* Symington's plan, doing the work of about 
twelve horses, and travelling at the rate of two 
miles anti a half per liour, lias been estimated at 
about ciglit or nine hundred pounds. The con¬ 
sumption of coals however, in this and in all other 
engines connected with steam navigation is much 
more considerable tlian when employed on land. 
In a fourtecu-liorsc power engine, on Messrs. 
IJoulton and Watts construction, they consume 
1 cwt. i qr. 20 lbs. per hour of good Newcastle 
coal: while an engine of thirty-three horses’ 
power, requires a proportion scarcely equal to 
two-thirds that quantity. 

The employment of high-pressure engines for 
the purpose of steam navigation, has unfortunately 
given rise to a considerable ju'cjudicc against 
tbe general use of this economical and expedi¬ 
tious prime mover. The attention of the legis¬ 
lature was first drawn to this subject by the 








70 Steam Xarigntioa. 

explosion of a high-pressure boiler iu a acsscI 
Employed for the conveyance of passengers in the 
neighbourhood of Norwich, on which occasion 
the consequences w ere of the most terrific nature. 
As, however, the matter was very fully examined 
by the Committee of the House of Commons, 
appointed to inquire into the various particulars 
connected with this unfortunate catastrophe, we 
shall content ourselves by referring the reader to 
the important facts contained in the annexed ab¬ 
stract, w'hich fully demonstrates the possibility of 
constructing a steam vessel, uniting the essential 
qualities of safety, economy, and celerity. 



CHAPTER IV. 


A ksiract qf Evidence before a Select Committee of the 
House qf Commons on Steah Navigation.* 


Mr. Bryan Donkin was called in and 

exaiuincd. 

Witness went down to Norwich, as a volunteer, 
to inquire into the cause of’thc explosion ofa steam¬ 
boat. Was accompanied by Mr. Timothy Bramah 
atul Mr. Collingc. Was of’ opinion that the im¬ 
mediate cause of that explosion had been the use 


* The Committee couimenceil its siftings May S, 1817, and 
consisted of the following highly respectable individuals:— 
Charles Harvey, Esq. in the chair; Mr. M’illiain Smith, Mr. 
Davies Ciilbert, Sir IMartin Folkcs, v'sir James Shaw, Sir William 
Curtis, Sir (’harles Pole, Mr. Alderman Atkins, jMr. Williams 
Wynn, Sir Edward Kerrison, Mr, Lacon, Mr. Shaw Lefevre, 
General Thornton, Mr. Edward Littleton, Mr. Finlay, Mr. 
Leader, Mr. Alderman Smith, Mr. Wrottesley, Mr. Barclay, Si# 
James Graham, Mr. Swann, Mr. Charles Dundas, Mr. HoIqdab, 
Mr. Thompson, and Mr Bennet. 

On the 14th of the same month. Sir Matthetv Ridley and Mr. 
EUUoq were added to the Committee. 




72 


Sicam Xuvwaiion. 

o 

of steam of a very high expansive force; the ap- 
j^oximatc cause was a deficiency in strength of 
end of the boiler. The boiler was cylindrical. 
The c3diBdrical part, and one end, was wrought 
iron ; and the other end was cast iron, it ap¬ 
peared to have been previously of wrought iron, 
but, for some reason, the wrought iron end had 
been cut out, and a cast iron end substituted in 
its })lace.—Was of opinion that any high-pressure 
boiler so constructed was unsafe. The diificulty 
of obtaining a proper degree of strength at all 
times, in the materials of which tlic boilers were 
made, arose from the constant deterioration which 
they must be suffering fiom the action of the fire, 
and from the various degrees of expansion and 
contraction, operating on ditferent jiarts of liic 
boiler.—Would not choose to use a high-pressure 
engine, from the danger which aro-^c from their 
use.—Thought it just to state to the C’omniitlec, 
that there was an advantage to he derived from 
the use of high-pressure engines on board of 
boats, which were necessarily loaded diflierently at 
different times. This different loading required a 
different power in the steam engine, and the high- 
pressure engine was capable of having the addi¬ 
tional power given to it without difficulty; whereas, 
in the lower-pressure engines, tlicy were confined 
to the pow'er first assigned them.—Scarcely ever 
saw the low-pressure engine beyond six pounds 
to the inch.—Had known one boiler worn out in 
six months, and another used for seven or four- 
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tccn years. The strength of cast-iron boilers was 
extremely uncertain : cast iron was liable to con- 
tract in various degrees in different places, and' 
therefore was liable to break.—Thought that all 
cast-iron boilers were dangerous when used for 
steam of high expansive force. It was more prac¬ 
ticable to make a boiler of the malleable metals to 
resist a high pressure, as far as the tenacity of the 
metals was concerned; but another difficulty oc¬ 
curred which prevented the application of the 
malleable metals to boilers lor high-pressure 
engines, which was that of rendering the joining 
of the plates secure.—Believed that wrought-iron 
boilers were much less fretjuent than the cast-iron 
boilers, and in Wolfe’s engines tliey were scarcely 
used at all. — Should think that the cast-iron 
boilers would be cheaper than wrought, if made 
of equal strength.—Considered that in case of the 
c.\j>losion of a cast-iron or a wrought-iron boiler, 
the cast-iron would be attended with tlic greatest 
danger. In employing the malleable metals a 
simple rending generally took place, so that it 
would seldom happen tliat the u[)pcr part of the 
boiler would be torn olf; but, in a cast-iron boiler, 
the fragments would be scattered about, and be 
more destructive.—The boilers invented by Mr, 
l.inns and Mr. Wolfe were all of them cast iron. 
—Mr. Wolfe's had been in use nearly ten years. 
Considered low-pressure boilers as safe from ex¬ 
plosion in all instances, used with no farther pres¬ 
sure than six pounds.—-Had seen very few boilers 
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constructed for the purpose of a low-pressure cn- 
. or a condensing engine, that would sustain 
§ pressure of ten pounds without occasioning con¬ 
siderable leakage, or without forcing the joints,— 
Had never beard of an explosion Avith the low- 
pressure boiler of any consequence whatever,— 
merely giving way of the plates, or the wearing 
out, not such a bursting as could be called an ex¬ 
plosion,—Conceived Wolfe’s mode of construct¬ 
ing boilers to be a considerable improvement,—a 
very material one. Had likewise been told, 
though without having seen one, tiiat Trevcthick 
had invented a method of making boilers by in¬ 
creasing their length and decreasing tlicir dia¬ 
meter, so as to render them capable of sustaining 
pressure to a much greater degree than here¬ 
tofore.—In high-]ircssure engines the expansive 
force of steam was very variable, from thirty 
pounds to one hundred and twenty pounds upon 
the square inch, or even perhaps higher tlian 
that. Instances had been known in which a 
boiler had been worked at one hundred and sixty 
and one hundred and eighty pounds,—Had no 
doubt but Cornwall had derived incalculable ad¬ 
vantages from the use of high-pressure engines.— 
According to the general construction of low- 
pressure boilers, they were so rivetted together, 
as to withstand the low pressure they were in¬ 
tended to bear; and they alw'ays gave indications 
of an increase of pressure long before any danger 
could be apprehended from them either by the 



Steam Navigation. 75 

joints giving way, or the steam forcing a passage 
through.—Had witnessed several experiments on 
Wolfe's engines, M^here the object was to awfer- 
tain the comparative expenditure of or fuel 
in grinding corn, between his engine's and the 
low-pressure or condensing engines j and the re¬ 
sults were decidedly in favour of Mr. Wolfe’s 
engines.—Apprehended that there was no saving 
of flicl, or very little, in the common high-pressure 
engine,—The average effect in M^olte’s engine, 
was the grinding eighteen bushels of wheat with 
one bushel of coals; while the average effect of 
Boulton and Watt’s engine, or the low-pressure 
engines, was the grinding of from ten to twelve 
bushels of wheat with a bushel of coals. 




Seth Hi nt, Esq. was called in, and examined. 

Had formerly been commandant of Upper 
Louisiana.—Knew that in the United States a 
great number of steam-boats had been established. 
The first was at New York. There were then 
running between New York and Albany, ten 
boats: two between New York and the state of 
Connecticut; four or five to New Jersey; be¬ 
sides the ferry-boats, of which there were four. 
These boats were all worked by low-pressure en¬ 
gines : no accident had ever happened to any one 
of them; they had been running since the year 
1807; and the boats at Albany performed about 
forty trips each per annum.—They went a dis¬ 
tance of a hundred and sixty miles in twenty-o^e 
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hours, and came down in nineteen: sometimes a 
■.^iittle longer, but never shorter than nineteen; 
that was the quickest passage.—Some of them 
went about seven miles an hour in still water: 
some lioats had gone nine, ten, or eleven miles; 
but that was under particular circumstances. 
They had come from Newhaven to New York 
(ninety miles) in six hours and a half, without any 
sail.—Those which went>t6 Albany passed up the 
North River; and the others, to Connecticut, 
passed through Long Island Sound, forty miles 
broad in one part of it. On the river Delaware 
there were a number of boats also established, 
which plied between Pliiladclpliia and Trenton in 
New Jersey; also others between Philadelphia 
and Newcastle, and Philadelphia and AVilmington, 
beside ferry-boats. Several of those boats had 
low-pressure engines; others had higli-j)ressurc 
engines, from one hundred to one hundred and 
forty pounds on the square incli, and as high as 
one hundred and sixty; but those engines were 
constructed upon Oliver Evans's plan, called the 
Columbian plan. They were of wrought iron.— 
There were no boilers cast in America. Presumed 
that miglit arise from their not having founderics 
in which they could cast them suliicicntly large. 
They were ail wrought-iron boilers, or copper: all 
which had to pass through salt water were copper. 
The boat Etna, which passed between Phila¬ 
delphia and Wilmington, was a high-pressure en¬ 
gine, and outstripped all the other boats: there 


were boats from Baltimore to Norfolk, wliich,, 
passed a part of the Chesapeak, sixty miles in 
width. Tiicy have been to New Londqp^^hich 
was still more exposed ; and had been up to New 
Hertford, Those were low-prea^ure engines.— 
The Powhawton steam-boat was'built at New 
York; went into the ope^f,ocean; encountered 
for three days a very sewjie gale of wind, arrived 
safe at Norfolk, and up to Richmond. The gentle¬ 
man was now in England who navigated her; and 
had heard him say that he felt himself as safe 
as he should in a frigate; and he said there was 
this advantage, that the steam power enabled him, 
when they could not have borne sails, to put the 
bead of the vessel to the sea instead of lying in 
the trough of the sea, being exposed to be over¬ 
run by the waves.—The largest steam-boats in 
America were those on the Mississippi, the Etna 
and the Vesuvius which ply between New Or¬ 
leans and Naches. They were four hundred and 
fifty tons, and they carried two hundred and 
eighty tons merchandise, one hundred passen¬ 
gers, and seven hundred bales of cotton, besides 
the passengers transported to New Orleans.— 
Remembered only three accidents having hap¬ 
pened to steam-boats in America. The first hap- 
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anchor: the fire was in a very high state, and of 
(^boui'se produced a vast deal of steam that did not 
escape^by the ois^inary operation of the engine, 
which ^ould discharge it and carry it off.—M’hat 
was call^ the safety-valve had been improperly 
loaded and neglected.—The next accident hap¬ 
pened not frofh any fiiult of any body, but from 
an act of God: it ^l^pjhg^h.tning, as was satisfac¬ 
torily explained to th^lpiblic, both by the pas- 
sengers, and those interested in the boat. That 
was at Charlestown, in South Carolina. The pipe 
which carried the smoke up to the top attracted 
the lightning, and it went down, and split the 
boiler.—A third accident happened lately to the 
Powhaw'ton. She was not in operation when it 
happened: tliey were out of fuel; tliey stopped 
their boat, and Ihy still upon the water, while 
they w'ent after w’ood ; still, however, they kept 
up their fire; and the steam was so higli, that it 
exploded in that situation, there being no con¬ 
sumption of the steam as it accumulated. Those 
are the only accidents that ever liappcned, except 
such as have happened from vessels taking fire.— 
No accident had ever happened in America to a 
high-pressure engine, cither in a manufactory or 
out of it 5 and there were many engines used in 
the manufactories, and in flour-mills and saw-mills, ^ 
constructed upon the plan of Oliver Evans, which 
acted on the high-pressure principle to one hun¬ 
dred and fifty pounds an inch- He had worked 
one hundred and sixty, but one hundred and 
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twenty was his constant average. The fuel, Ijpt 
most places, was wood ; at Pittsburgh,'su)d on tfie 
Ohio river, it was coal and wood ; at Pittsburgh, 
and at Laceling, and at a hundred other 
there was a solid mass of coal fifty miles square. 
They drove a shaft horizontally into the hill, and 
the coals were abundant above their head : in the 
mountains, as fine coM in the world. It 

was delivered a£ the of the inhabitants at 

sixteen bushels per dollar.~The number of steam¬ 
boats was rapidly increasing upon both the low 
and high pressure system, because they had dif- 
ferent interests and different companies. Mr. 
Evans being a patentee, they had to give some¬ 
thing for the use of his patent; if they could not 
make their bargain with him, they used the low- 
pressure engine; but there was a new engine, 
built for one-third of the money, coming into use 
in several of the steam-boats, invented in Ame¬ 
rica, a perfect rotatory engine; and it was sup¬ 
posed tliat it would supersede all otiier engines.— 
Knew of no other guard than that of properly 
constructing the safety valves, and the manner of 
loading them, so that they could not get on more 
than a certain weight; they must of course con¬ 
struct them strong enough, and prove them. 
They were under no Government regulations^— 
It was supposed that a rotatory engine consumed 
less coals than one with a reciprocating beam. 
Twelve bushels of coals, with the rotatory motion, 
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would perform the same work as the other engine 
with twenty. 

Mr. Timothy Buamah, of Pimlico, Engineer, 
called in and examined. 

Did not think that a high-pressure engine, 
under any guard that could be applied to it, was a 
sale engine to steam-boat.—Tjjought 

that if a boiler was to sustain one hun¬ 

dred pounds, and strained with a force equal to 
two hundred pounds, it might afterwards, jicr- 
haps, break at forty, the straining having injured 
it.—Apprehended that a boiler, upon a proper 
construction, of wrought metal, might be tried 
with a certain force, so small in comparison with 
that pressure which it was intended to bear, as 
not to incur any risk of being injured in the 
proof, and have a complete surplus of strength, so 
as to enable it to be afterwards used without any 
danger in the use.—Would recommend the use of 
two ^fety-valves, one to lock up ; and to have it 
examined once a week, or as often as might be ne¬ 
cessary, to see that its action was perfect.—Had 
seen many cast-iron vessels burst. The wrought 
iron generally tore and opened out, to admit of 
the fluid escaping; it was generally the fluid 
which did the mischief when the wrought iron 
was used, and it was both the fluid and the mate¬ 
rials which did the mischief when the cast iron 
burst. The elFect m cast metal was to carry the 
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pieces of the metal to a considerable distance, 
which was seldom the case in the wrought, unless^ 
where there was any cold shut in th^ 
cast would burst like a shell,^rojectihg,the par- 
tides of the metal to a cojftsiderable, distance.-— 
Where wrought-iron boilers h Jl fiie injury 

sustained by the^-^dividuals had-Ariseh ftom the 
. fluid's escaping, and..ii|^Mtt^ 9 ^’b^lers 4 t had fre¬ 
quently been of pietal. Copper 

being piire»W«s nM to the same dangci*. 

Mn John' Taylor, pf Stratford, in Essex, 

, called in and examined. ^ 

Was acquainted with the accident which lately 
happened to the steam-boat at Norwich. Had 
heard that the plate of cast iron t¥as of inadequate 
thickness for the strain to be ^t upon it. With^ 
respect to the impropriety of cast iron compared 
with wrought, had also constructed one of, the 
high-pressure boilers piecisely iu the same 
ncr: the boiler vvasproved to one hundred pounds 
a square inch by the watjftr^proof; conwnonly used^ 
with about forty poundfi^ pressure | but the cast 
iron broke one day tvi^h lead tiari.'^Wenty pounds* ^ 
pressure of Steam 5 the fractm^ fa^in^ caused evi- 
dentiy by the. heat exfiapdingv i;nequally, and- 
being kept from going toMie f&'m it would other¬ 
wise assunfite.-r^ad seen the Well'iStrjfet boHfr in- 
tended to'^^ boil' sugar- was - in¬ 

tended to be fibo.ut twoJndiQ|,^or two inches and 
a quarter; but by inserting the core unequally, 

G 
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s^tjiediickness on one side was three quarters of an 
on the other side the thickness of the metal 


va^two^Snehes and a quarter, or thereabouts; 

^ therefore* to the ^^eneral difficulty of cast iron 
was added^it;^Ost improper construction.—Under- 
^^stc^d who were working there, that 

<■ there hil^ ^metbing like.^ mercury gauge 
attached to'it, mercury never fluc- 

'tuntH h a pressure of 

more —^Considered 

Ih^taT wtougl^ifon boikr bd l'en'^^ted saib 

by the iito of ^t^oolunm nn^toury in a siphon or 
vttibe of sufficient aize. ;When that mercury was 
di^bic^ by thfc expansive force of tlie steam, 
^ ^BrlMcb Vo^ be reguMed by the height of that 
admit of toe efflux the steam from the 
boiler a 5 ;^(st.t |3 it generated by the fire; in 
tW''-case^tbo e3^an4v^fetce could not increase 
in the boiler* we mei^ary w»ild be blown out, 
abiS the stehm ^uld escape. Cemceived it essen- 

iecoiid safef^valve, which should 
^ 4 ndet the the master pr^^rietor 

> of tlife'wdricsV and tbere was andther small con- 

fD tfad’M^y'Of the boiler. 
Bdilersh^'tfre^de^J'.l^en’ Weakeaed very much 
w;^,er !;b^ip^ig%e0a'^aporated isbo low. 
^nied$^ a S^Cl'^-'lle poji^HdUsly 
ii^jed m tb&ibottdbi, ft4iieee of Idad, 

. ^d'that the secure as 

; long as H'Apm ■^pl-ed mo- 

mertt the left it, {}i^l^d wSjWd irwlt, and 


■)* 



Steam Navigation, . 8ft 

the steam being blown through the hole, 
put out the fire* Besides giving the sigDal 0f 
what was wanted, it would at 6nce^pu£.4|^ 
the cause of danger.—Considered t£w ihe "tner- 
curial gauge acted as a sa^ty-valVe^W^ch cdhld^ 
not he stopped 3r put out and ^v|»d 

the. advantage of exhil^i^bdjT ^riog. ^ tlriie%’of 
the boiler’s workinjl^ivltbin 
the boiler, by^tb| topS pia<^in 

that ap^^atice Uf^tt. 

th e snr&ceW tte^ ^ t£ie*.^rcury 

tcame-^tatioi^?^v it 

that that tube Mros si^pelV f^^terefpre. it wotdd 
point out i.ts^ instantly ^at j^ bad becoiM'not 
what it ou^t to be. !l%e aaf^^ bad not 
that advantage, as it did notMdhs^ any thing 
tUi the st^m was^blot^ 

—With ^sppei. tO: v 

steam for workir^ exigli^iOf 

a most vduable .fmpmvi^ent4)ad 

and iffi tras an ot^c^ tbaa^e coal 

updW a. large ^ateoiai 

an oly^ct '^of great itn^Mi^dhcer^ 

upon the prinpipk; .thW l^Fv 1)^ fo 

place introduced, but appUi^ by, 

Mr. Simma^andotWs.' bpjd<^;tbat those" 

bigh-pipss^ bpUera jpighjt: be^^ j^al 

safety da^ lov^preS^r^ )|pilers.-^fiad 

stateme# pfihe ■ji^Qrk dgne^3|5f;*^5 

princi^^ mine>1|ti JcoubtJfpf 

stated ;^^1poi8^ptidn'‘o£fc^%^d 


* * 
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by every engine therein named; from which 
/l^^pearcd that the average work of engines then 
. in ^the county, of Cornwall was to raise about 
twenty mBiipns of pounds of water one foot high 
by the conauniption of one bushel of coals: that, 
by tlie intr^q^m of high-prelsurc steam, under 
the best mpde^br management, an effect equal to 
from forty-three^ millions pounds of 

water was raised to by tlie same 

t '• 

quantity of. coal, thereby producing above double 
the effect.—Apprehended that condensing or 
low-pressure engines wer? equally liable to be 
idown up by the carelessness and inattention of 
the engineer conducting them with higli-prcssurc 
engines. In France, at Crusal, some wry good 
engines were erected ^y Mr. Wilkinson, at a very 
large work; they were on Boulton and Watt's 
principle: one of them blew up, and killed several 
people.—Conceived that the mercurial gauge, if 
of suffi(aentt)orc» might be applied with case to 
the high-pressure bb11ei‘s, sp as to pioduce safety 
as certaiidy as the column of water, which was in 
^ct a water-gauge, such as,?fas-nsually applied to 
the low prepare.—Conceive^ that there would 
be' no di^ciUiy in corKtrUptog a safety-v^ye, so 
as to operatP-with ceiEtainty, a|(} yet from 

any Impediment the. eng^negr itften- ^ 
tionally place in t\ie way of itelbper^tioa, ^fhout- 
incurring any very .cpBsi^ergb|e.e:ipen8e. 
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Mr. John Collinge, of Bridge Road, Lambeth, 

Engineer, examined. 

a, ‘ 

Went to Norwich^ in consequence the ac¬ 
cident that happened to the steam-boat there.— 
Attributed the explosion of th^at^eog'ne to the 
construction of the boilgr. If was composed en¬ 
tirely of wrought iro^’<^e]^';one ^pd, and that 
was capped with castirotl. "^The' cylindrical part 
was made of wrought iron.-*—AVas of opinion that 
any material Under very severe pressure tVas 
liable to fail, and cast iron for this reason, be¬ 
cause, in all large bodies, it was found that the 
air could not wholly escape in the act of fusion. 
Plad occasionally had large masses of cylinders 
and pans to break up, and frequently found,cells 
where the air could not escape. There Was cer¬ 
tainly a much greater dependence Upon wrought 
iron or upon wrought metal j perhaps it would be 
better to include copper.—In tHe events of any 
accident happening to the boiler, the greatest 
mischief W'ould be likely to arise from cast iron, 
because cast iron flew off in fragments, and 
wrought iron ii'om its superior tenacity did not. 
—Remembered an accident having occurred at 
Malden, where a boiler, nineteen feet long, was 
blown oft' from, the s^at of its connection with 
the base. IlAd found^ in making wrought-iron 
boilers, that, if they were made of metal of a 
considerable substance, they could not be so well 
united to maTiC them steam-tight j it was a very 
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difficult thing to do. The rivets that were ap¬ 
plied to wrought-iron boilers were put in liot, 
and, when they were hammered, to secure the 
joint, they got cold, shrunk, and did not always 
fill the hole through which they had passed.— 
Had no conception that any safety-valve could be 
applied to render them perfectly secure under 
heavy pressure.—Thought the mercurial gauge 
M^QuId be the greatest safety for a boat, if it could 
be judiciously applied.—-The condensing engines 
should not be more than four pounds to an inch ; 
and, if the capacity of the vessel allowed of it, the 
condensing engines answered every purpose, be* 
cause the making a wronght-iron boiler would be 
on such a scale of thickness, tliat, if more than 
the usual pressure w\as applied, the rivets would 
fail, and constitute a security against any fatal 
occurrence.—Thouglit from the power that was 
wanted into steam-boats, condensing engines were 
the best engines applicable for tliat purpose.— 
Did not conceive it impossible to construct a 
wrought-metal boiler, with safety-valves properly 
adjusted to its capacity, and a mercurial gauge, 
supposing that to be capable of being applied, 
which should rfender a high-pressure engine, on 
board a steam-boat, what might be called per¬ 
fectly safe.—Thought that in order to give secu¬ 
rity to the public in travelling by steam-boats, it 
might be necessary to have an examination of 
each engine two or three times a year, as it would 
create confidence. 
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Mr. William Chapman, of Newcastle-upon-Tyne, 
Civil Engineer, examined. 

Considered all engines, whether high-pressure 
or low-pressure, as dangerous to the passengers, 
unless due precaution w^as taken tc emit the 
steam, when exceeding a given pressure; for, in 
low-pressure engines, the boilers were alwa}’S 
liable to burst, or to alter their force, when the 
pressure became greater than the resistance. All 
wrought-iron boilers, but those tliat were cylin¬ 
drical in the section, and with hemispherical ends, 
or portions of spheres, or cones, or coniads, were 
liable to alter the form by the natural expantsive 
force of the steam, and therefore all boilers of 
those forms owed their safety to their weakness, 
because, if weak, they would alter their form 
without danger, and, if strong, they have been 
known to bend the iron so abruptly as to break 
asunder. — There were high-pressure engines, 
working with a force of from fifty to sixty-five 
pounds per inch, and no accident had happened to 
any of tlicm but to one, tlic safety-valve of which 
was stopped up by a man sitting upon it pur¬ 
posely. lie said, he would have a good start, 
and surprise them. The consequence was, the 
boiler blew up, and killed and wounded a very ’ 
considerable number of people.—Considered that 
the high-pressure engine could only be rendered 
safe by having the boiler of the form already de¬ 
scribed, and the cylindrical part of an unlimited 
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d|%meter, with a competent thickness of wrought 
irt3#i or copper, and the plates secured to each 
other by a double line of rivets. It was also 
requisite that there should be two safety-valves, 
each laden with any determinate weight per su¬ 
perficial inch of the narrowest part of the seat of 
the valve. One of those valves sliould be at 
perfect liberty to he raised at the pleasure of the 
manager, because sometinScs it w'as expedient to 
raise it. The other should be under a cover of 
such description as not to be opened at all at the 
discretion of the engineer, but with sufficient 
apertures for the emission of the steam, and for 
any of the passengers to sec that the valve was ■ 
not made fast. It was also requisite tliat there 
should be a mercurial gauge of not less than an 
inch in diameter, and whose longest limb should 
not be greater than two inches and one-eighth for 
every pound per inch upon the safety-valve for 
each. It was necessary, by occasional inspec¬ 
tion, to take care that the mercury did not stiffen 
by oxydation, occasioned by the heat and motion 
to which it was in a slight degree liable.—Con¬ 
ceived that a high-pressure engine, thus guarded, 
might be used with perfect safety board a 
steam-boat, so long as the boiler was kept in 
order; but the boiler bottom was liable to erode 
or consume by the action of the fire, and there-* 
fore required watching.—Thought a boiler might 
last twelve months, provided its bottom was made 
of charcoal-iron, beat, not rolled, because there 
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was a great deal of difference in the grain.—* 
Would recommend all the boilers on board steam¬ 
boats to be made either of copper, or charcoal- 
iron plates, beat under the hammer, and not 
rolled. The resistance of the cylindiical boilers 
would be precisely in the inverse ratio of the 
diameter. 

Mr. Philip Taylok, of Bromley, Middlesex, 
Manufacturing Chemist, examined. 

Considered the first and most material point to 
attend to in the construction of higli-pressure 
boilers was, that their diameters sliould be small 
in proportion to their capacity j that as small a 
proportion of the external surface of the boiler as 
possible should be exposed to the destructive 
action of the fire; and tiiat that portion of the 
boiler which was subjected to tlic action of the 
fire should be so situate and guarded, that, in 
case of explosion, the least possible mischief 
should arise. In all boilers which he had made 
use of, no portion of the boiler was exposed to 
the action of the fire, without its being constantly 
covered with water. In the boilers constructed 
under his direction, the fire was applied under 
an arcli of not more than two feet and a half in 
diameter: this provided against any extensive 
rents taking place in the event of explosion. 
All the boilers he had hitherto employed bad 
been constructed of malleable iron, commonly 
known by the name of chartfoal-iron, rivetted 
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together, and secured by strong wrought-irou 
bolts* From observing the danger arising from 
the introduction of flat cast-iron ends, had inva¬ 
riably terminated the ends of the boilers by 
ivrought-iron ones, nearly hemispherical: this 
mode of construction, so flir as his cxpcri^cc 
had gone, combined more strength and dura¬ 
bility than any other. The precautions he had 
used to guard against the nuisance of such boilers, 
had been by adapting to them two safety-valves; 
one under the control of the engine-man, the 
other secured in a strong cast-iron case, locked 
down, and loaded with such a weight, as would 
suffer the steam to escape when it had arrived at 
an improper degree of expansive force; safety- 
valves not having at all times answered the pur¬ 
pose intended. Had, likewise, in every instance, 
attached to the boiler a mercurial column, the 
bore of which was proportioned to the size of the 
boiler; and considered an iron tube, of an inch 
diameter, sufficient to guard against accident, 
when applied to a boiler four feet in diameter 
and twenty feet in height; because the limit 
given by such a column came far within the 
limit of absolute safety. The external limb of 
the mercurial gauge had, in all cases, been pro¬ 
portioned to the strength of the boiler applied, 
taking care that the expansive force of the steam 
would displace the mercury long before any dan¬ 
gerous expansive force would arise. In order to 
guard against the boiler being injured by the 
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action of the fire, from a deficient quantity of 
water in the boiler, had inserted a leaden rivet in 
finch a situation, that it would melt as soon as it 
was uncovered by the water, and produce an 
opening, which would suffer the escape of the 
steam.—Considered cast-iron boilers sate, pro¬ 
vided their various parts were made of small dia¬ 
meters in proportion to their capacity; such, for 
instance, as those constructed by Mr. Wolfe*— 
Thought that a boiler constructed on this prin¬ 
ciple was equally safe with those called con¬ 
densing engines, because a greater attention to 
strength is always paid in the construction of high- 
pressure boilers than in the construction of those 
for low’-prcssurc engines, in proportion to the 
pressure they have to sustain.—The high-pressure 
engine, constructed by Mr. Wolfe, employed not 
only the expansive force of the steam, but also 
that power which was acquired by its condensing; 
and the effect in Cornwall had been, that engines 
on this construction had done double the quan¬ 
tity of work with the same quantity of fuel,— 
Should consider any measure tending to impede 
the use of high-pressure engines injurious to the 


country* 


V 


Mr. Henry Maudslay, of Lambeth, Engineer, 

examined. 


Never considered high-pressure engines wxrc 
applicable to boats, because the purpose of high- 
pressure engines was to save water, and water 
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‘ jCOuld not be wanted on board a vessel; the dif¬ 
ference between tlie one and the other made no 
saving, either in the weight or expense, taking it 
ultimately, particularly when steam-boats were 
properly contrived.—Built the Regent steam-boat 
with a low-pressure engine?: There was a dispute 
between two men, and one of them swore that he 
would blow his boiler up but be would beat the 
Regent in coming up. The man certainly did 
exert himself as much as he could, and kept his 
steam as higli as he could get it, and it flew out 
of the safety-valve \cry frefjucully, and he hurt 
his boiler materially from doing so; but he did 
. not beat the Regent; but, if it had been a high- 
pressure engine, he would either have beat her, 
or blown up his boiler, because he had the power 
in his own hand. Had enijiloyed two and some¬ 
times three safety-valves; to make it quite easy 
for the man to move them, liad a sort of bell-pull 
to pull it up every hour, if he pleased, to keep it 
in action; because, it was clear, the spindle might 
corrode and stick fast for want of use. Supposing 
it not touched once a week, it would not be a 
safety-valve any longer, because a very little fric- 
tion w ould add a great many pounds weight to the 
opposition the steam ought to meet witfo—Never 
kr(ew a low-pressure engine unsafe, but it ap- 
peared that high-pressure eng'ines liad been.— 
Conceived that the same motive which would in¬ 
duce the engineer to work it with an improper 
pressare, would induce him te leave it untouched. 
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that it might have an improper pressure,—Con¬ 
sidered that wrought iron was extremely safe, 
compared to cast iron. 

Mr. Alexander Gallaway, ofllolborn. Engineer, 
• culled in and examined. 

Would recommend that, for steam-boats, the 
condensing engines should be used in preference 
to iiigh-pressure engines; and, for these reasons: 
In the first place, the great advantage promised 
from a high-pressnre engine was, that it could be 
worked in a situation where water could not be 
procured, and tlicrclbrc it was. for such a situa¬ 
tion, a valuable machine; but, in situations where 
water couhl be readily procured, it was not so. 
And in reference to the comparative price be¬ 
tween a high-pressure engine and a low-pressure 
engine, and in rcicrcnce to the space that it oc¬ 
cupied, and in reference to the superintendence 
that it required, it was decidedly evident no 
economy was produced. Speaking of it as a mat¬ 
ter of safety, it would be necessary to say^ that 
experience had fully proved that the maximum 
of force to be obtained by a condensing engine 
was when the steam was rarefied from three to six 
pounds on the inch. The engine was then by far 
more efficient than when the steam was rarefied be¬ 
yond that point. And it would appear equally clear, 
that whether it was a ^ cast-iron boiler, or a 
wrought-iron boiler, or a copper boiler, the force 
of the engine was better performed by steam at 
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pounds and a half than at any increased ex¬ 
pansive force; the \)oiIe^ being subject only to 
three instead Of six pounds, it must be less liable 
to explode or burst at tjiat than at an increased 
expansive forep. Wmild farther say, that every 
man that was called toVilrk a condensing steam- 
engine knew, that, his stearii was at three 

pounds and a half, it performed a greater quan¬ 
tity of labour than at any other time; for, if it 
Ws increased, a vast labour was thrown on the 
air-pump and the condenser, and the engine re¬ 
tarded ; tlicrefore, a man had no inducement to 
increase the expansive force of the steam, know-^ 
ing that no useful end could be obtained by so 
'Hoing, l>ut giving himself' additional labour, and 
consuming more fuel, and performing less work* 
All boilers on board steam-boats should have (he 
fire iu the interior of the boiler, because it was of 
very little importance, when upon the subject of 
safety, whether the passengers w ere to be endan- 
. gei^d by an explosion, or whether tlie vessel was 
to be weakened in its timbers, or essential secu¬ 
rities, by the improper application of the fire to 
the boiler; would therefore recommend that the 
fire should be.contained in the interior^of the 
boiler, and that there should be an additional 
,^ety-yalvc, which should be solely subject to the 
superintendence of the proprietor, *and that the 
manager of the machine should have' no possible 
access to it. — Would certainly recommend a 
. vrought-metal boiler iir preference to a cast-iron 
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boiler; and the reason was clear, that the opert-* ' 
tion of casting, however skilfully managed, was 
always an uncertain process.—Thought ^hat’if an 
additional safety-valve w,as applied to a boiler, 
and that safety-valve placed beyond the power of 
being interfered with ^y>any person but the pro¬ 
prietor, then the boile%would be secure from ex¬ 
plosion, if the safety-valve should be judiciously 
loaded; but if that safety-valve was even placed 
beyond the reach of the operator, and at fhe 
same time injudiciously loaded, a calamity might 
take place, the same as if no such security ex- 
istcd.“Undcr all tlie circumstances of the case, 
would most decidedly recommertd" a condensing 
engine; a condensing engine, with a wrought- 
iron boiler; because, wlicn cast iron became sub¬ 
ject to high expansion and contraction, the con¬ 
stant repetition of those effects in a very great 
degree impaired the strength of the boiler.— 
W ould venture to say, that all engines in steam¬ 
boats should be subject to regulation ancT inspec- 
tion by competent persons. A steam-boat must 
have a register; and, before such register should 
be granted, the engine should be inspected, to 
see whether it was of a character to deserve'^its 
being considered safe.—Was quite satisfied, that, 
taking for granted that condensing and high- 
pressure engines were judiciously formed, the one 
would takc’as much fuel as the other, there would 
be no material saving, if any; but if two prin¬ 
ciples were associate^ together, as in the case of 
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"Wolfe’s engine, there would be a considerable 
saving. 

Mr. JoifK BiiAiTHWAiTr,, of the New Road, Fitz- 
roy Square, Engineer, called in and examined. 

With respect to iilgfi-prcssiirc steam,, would 
engage to make a boilc|p or direct one to be 
made, which would defy any engineer, or other 
person, to blow up, or burst; and had lately 
elected five boilers, which he was ready to jnove 
to any gentleman, and even to any engineer, that 
they could not destroy them.—Recommended to 
Mr, Martineau, for whom lie erected them, that, 
as there had been an accident in his neighbour¬ 
hood, he ought to have a boiler to bear three 
times the pressure he meant to put upon it; and, 
if it did bear that jiressurc, and they applied two 
safety-valves, with a mercurial steam-gauge pro¬ 
perly weighted and adjusted (one of those safety- 
vjdvcs being at tfie'^will of the person about the 
boiler, and the other locked up) it would be im¬ 
possible to explode a boiler of that description. 
Saw the boiler after it was exploded at Wellclose- 
squarc; and afso conversed with one of the men 
that was saved, who said, tiiat lie had carried an 
additional w^eight to put on the safety-valve just 
before it exploded; that the mercurial gauge 
there was plugged up, so that it was useless; be¬ 
sides which, instead of the; safety-valve being 
weighted equal to forty-five pounds, they added a 
" ^il|ji|lble weight, which increased ' it to ninety 
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pounds weight upon an inch, and the boU^ 
was very improperly made.—Would recommend 
wronght-iron boilerap in preference to ^cast on 
board of stcam-boats. ' ' 

Mr, John* Ham,, of Dartford, Engineer, called in 

and examined. 

Had only to observe, that he made his boilers 
of cast iron, and proved them by an hydraulic 
press, made for the purpose; and had gone as 
liigli as two hundred and fifty pounds to an 
inch, which he considered enough- Nothing hap¬ 
pened j and lie meant the next time to try what 
they would bear; and had no doubt they would 
bear from seven hundred to one thousand pounds 
to an inch ; for he believed they could be made 
stronger than wrought-iron boilers; wrought-iron 
boilers being rivetted together, could not be so 
strong as those cast in a solid mass.—Had a boiler 
made composed of three tubes on akrge one, and 
two smaller ones below ; the lower tubes which 
were exposed most to the fire, had cracked, gene¬ 
rally by cooling, after the engine had done wwk- 
ing. Had known that in thi'ce or four instances; 
perhaps in an hour after the engine had done 
working, the lubes below had cracked, and the 
other not.—Supposed that in the event of explo¬ 
sion the greatest danger would be from the 
WTonght-iron boiler.—Considered it quite,prac¬ 
ticable to adjust a safety-valve to a boiler, which 
should not be accessible to the. engineG&:but 


H 
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should sufficiently protect the boiler from 
mischief, and which once adjusted, would always 
act, and might always be depended upon. 

Mr. Alexander Tillocii, of Islington, called in 

and examined. 

Was of ojjinion, that attending to what sliould 
be attended to in every steam engine, and em¬ 
ploying proper engineers, a steam engine would 
be perfectly safe, wdiether with high-pressure or 
low-pressure steam. The boilers ought always to be 
furnished with safety-valves, one of which shouhl 
be covered, and out of rcacli, with a box over it, 
but perforated, so that it might be seen when the 
steam operated on it. A mcrcurial-valvc is also 
very^ good, that is, an inverted syphon, with a co¬ 
lumn of mercury, proportioned to the purposes 
for which it is to be employed.—Did not appre¬ 
hend much danger to arise, in case of explosion, 
from the mercury, because the tube being always 
perpendicular, the mercury, when shot out, would 
fall down in rain. Was of opinion a boiler might 
be made safe, cither of wrought or cast iron ; but, 
for great strain, would prefer cast iron, contrary 
to the opinion of many people j and the reason 
for this preference was the same for which it was 
preferred in making cannon. It was not pos¬ 
sible to get thick plates of wrought iron perfect 
throughout, and it was necessary to trust at last to 
rivets in joining them ; but cast-iron boilers could 
be made of any strength. Instead of having a 
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boiler that would stand sixty, it might be made'fiS 
stand six hundred of either wrotfght or cast iron. 
Another reason why he would prefer cast iron 
was, that the sheet iron corroded much quicker, 
and w’as destroyed by oxidation, so that a boiler 
might be safe w'lien first set up, and stand its 
proofi hut very soon become unserviceable, or at 
least, comparatively so. Bailers should always 
be cylindrical, and for an obvious reason: capa¬ 
city should be got by length and number, rather 
than by diameter. There was no more danger to 
l)c ajiprchcnded from steam, as to bursting, than 
from tile employment of condensed air, only that 
the water might scald : but, as to the danger of 
the fragments being scattered about, it was the 
same with air as with steam, and yet all the 
engineers constantly employ cast-iron receivers, 
condensers, or air-vessels, where pressure was 
wanted.—In case of actual explosion should think 
the greatest mischief would arise from the cast-iron 
boiler.—Was aware that there might be cavities in 
cast iron, but a boiler being proved to a strain 
bej'ond tiiat it was to be exposed to by heat, the 
safet}' of the boiler was secured, for the tempe¬ 
rature never cou^d be at that point which would 
endanger a fracture from that circumstance. 

Mr. George Dodd, Civil Engineer, of Oxford 

Street, 

» 

Stated, that out of five steam-boats under his 
direction, only two had suffered by partial acci- 

H 9 
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dents, and these were owing to the carelessness of’ 
the engine workers. His boilers were made flat 
sided, with flat and dome roofs, the largest of them 
containing at least fifteen hundred rivets, each of 
which in some measure answered the purpose of a 
safety-valve,—Was of opinion that to all boilers 
there should be two safety-valves. The one which 
would be accessible to the engine worker should 
be loaded with the minimum of the pressure that 
the chief cnc:ineer saw fit that the boiler should 
sustain; atid that the one which would be inac¬ 
cessible and locked up should be loaded equal to 
the ultimatum that he would, iiiuler any circum¬ 
stances, perm'it the boiler to support.—W ould not 
allow the safety-valves to be loade<l with more 
than half the weight which had been previously 
tried, and ibuiid the boiler was capable of sup¬ 
porting.—W’as of opinion tliat a boiler wiiosc 
sides and ends were flat, if properly constructed, 
and of sullicient thickness in tlio plates ofwrouglit 
iron, might be safely used on board steam-boats 
having the low-pressure engine.— In the Rich¬ 
mond steam-boat the fire w’as cutirclv surrounded 

¥ 

by the water. It was the case also in the Ma¬ 
jestic; but, in the Thames, and in the new boat 
to Richmond, and the new boat to Gravesend, 
they were what was called open furnace-months. 
Under the furnace-mouth was placed an ash-hole 
of cast iron, bedded in clay, and upon fire-bricks. 
—Recollected the boiler of the Caledonia, Lon¬ 
don and Margate steam-packet, bursting at sea, 
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by the forcing out of tliree of the rivets over the 
furnace-mouth, which extinguished the fire Tlhut 
it was not productive of any injurious conse¬ 
quences to any of the persons on board ; and the 
Cork and Cove packet-boat in Ireland, with two 
liundrcd and fifty officers and soldiers on board, 
burst her boiler when lying alongside of the trans- 
])ort that was receiving the troops. The burst¬ 
ing made a fissure, or opening, of nine inches by 
eighteen inclics ; hut the steam which escaped did 
no injury cither to the jicrsons on board or to the 
vessel; nor docs it aj)[)car, under any circum¬ 
stances of the bursting of a w rought-iron boiler at 
the low pressure, tlic steam not being more than 
ten or tiftecn pounds to the inch, that the steam 
which might be suddenly let loose or disengaged 
would iiavc power sufheient to raise the deck of 
the vessel, or to injure the parties on board.— 
The Richmond steam-yacht cost, in the first in¬ 
stance, including the engine, tSOOL The engine 
itself cost about lOOO/. The Majestic cost about 
i?000/. and the engine about 5000/. more. The 
Thames cost 2o00/. including the engine at 
about 1200/. The new vessel built to go to Rich.- 
mond, the ludi and joiners’ work cost 750/.; and 
an engine of fourtcen-horsc power and apparatus 
cost 1170/. The new-^ Gravesend stcam-yatch, the 
hull only has cost 750/. and the engine 1570/.; but 
there were various other expenses before these ves¬ 
sels could be finished.—Had just got a new boiler 
from Messrs. Jessop's, of Ruttcrlcy, for the Tliames 
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steam-yacht, which was charged 2lj/.—A safety- 
valve would cost about 4/. and a mercurial tube 
for the same purpose 2L —Had declined purchas¬ 
ing the Norwich steam-packet because it had a 
high-pressure engine.—Went with a party of Ger¬ 
man gentlemen from Bremen, who were anxious 
to make an immediate purchase of a steam-vessel; 
and they also declined to purchase that, or any of 
the boats upon the river Yare, solely because 
they had high-pressure steam engines on board. 

Mr. Richard Wright, of Blackfriars Road, En¬ 
gineer, called in and examined. 

The boiler of the Norwich steam-vessel was eight 
feet long, with a cylindrical boiler four feet two 
inches diameter; it was first made with an in¬ 
ternal angle iron at one end, and an external 
angle iron at the other end. In consequence of 
the internal angle iron liaving given way, a cast 
iron end was substituted, w hich certainly was not 
accurately performed. It was originally intended 
to sustain a pressure of forty pounds to the inch. 
—Should think -that both wrought and cast-iron 
boilers might be used with equal safety; but that, 
in proving them, they ought to be kept under the 
pressure a considerable time, say a quarter of an 
hour, or half an hour. Sudden pressure may 
cause flaws in a boiler, which may give rise to 
accident afterwards; but, if under pressure a 
considerable time, the action of it might be 
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Mr. John Richter, of Cornwall Place, Sugar 
Refiner, called in and examined. 

Was acquainted with the circumstances attend¬ 
ing the explosion of the engine at the sugar house 
in Wellclose Square 5 and liad attended from time 
to time, daring the whole period of the construc¬ 
tion of that boiler, for the purpose of boiling 
sugar by means of liigli-pressurc steam; it was 
necessary they should have a pressure of from 
six and thirty to five and forty pounds to an 
inch.—Saw the boiler when the bottom only was 
put up, and wiis at that time informed that they 
liad cast the dome part of it, and that it was not 
snflicient, and that they were casting another. 
S(»nic months afterwards found that other placed 
there. Saw them at work ; and was informed by 
Mr. Haigh, who was the engineer, that they were 

boiling at eighteen pounds an inch, but found the 

% 

index of the gauge standing at five or six and 
thirty.—It was a mercurial gauge, intended as an 
index, and measuring inches. In consequence of 
complaints from Constant, the Frenchman, in 
whose house it was, that it would not do its work, 
and his fears in pressing it on to do its work, the 
maker of it became anxious to shew that it would, 
and a day was appointed for this to be done. 
Constant, at three o’clock in the morning, began 
his work, and continued boiling till about eight, 
but boiling with a great deal of difficulty,T)ecause 
he was afraid of putting the engine to the'jiressure 
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he required. He gave it up j he said he would 
boil no more; and the men in attendance, who 
belonged to the erigineer, went to fetcli tlic en¬ 
gineer. He and his men came down, and per¬ 
suaded Constant to have the fire lit again. He 
consented, after a great deal of dilficulty, and 
went to another pan in an adjoining building, 
and there he was at work when the accident hap¬ 
pened. They were urging the steam, and actu¬ 
ally had put an immense weight upon the lever ui‘ 
the valve, so as to render it totallv useless. This 
was i^ccrtaincd by a Frenchman, who saw it, and 
who stated to the man that he was doing mischiei*, 
and doing wrong. He was told to hold his 
tongue, and mind his own business; that he knew 
his business, and they knew theirs : tlic conse¬ 
quence was, that immediately afterwards it blew 
up. Alter this accident went every day to the 
riling for the purpose of ascertaining what had 
been the cause of the bursting; and saw the ex¬ 
cavation, until the parts of the boiler, which was 
of cast iron, were found, and then finding parts of 
this boiler in different places, the seat of the 
boiler being where it had been placed, but the 
rest scattered about in differentxlirections. The 
bottom of it was two inches and a half thick, the 
upright sides of the bottom one inch and a half 
thick ; the lower part of the dome was seven- 
sixteenths thick, and one of the parts at which it 
must have**burst, and where the boiler was com¬ 
pletely defective in the casting, was less than the 
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eighth of an inch thick; it was not thicker than a 
crown-piece: the wonder is that it stood at all.— 
It was not intended to be worked above forty- 
five, and was ordered to be made to sustain the 
pressure of a hiindrcd pounds to an ii jh. The 
whole house was blown to pieces, which arose 
from the fragments of the boiler striking the 
story posts, by which the support being taken 
away, the walls fell inwards. 

Mr. John Stkel, of Dartfbrd, Engineer, called 

in and examined. 

If it was required to make the strongest boiler 
imaginable, slionid consider cast iron preferable, 
because it could be got to an unlimited strength 
of rc.sistancc, w'hilc WTought iron could only be 
had of a certain thickness.—Was of opinion that, 
the proof arising from the pressure of cold water 
w^as sufficient to ascertain the safety of a l?oiler, 
which should afterwards be exposed to the opera¬ 
tion of fire, or of highly heated steam; cast or 
wrought iron being at its greatest strength at 300 
degrees of heat, which had never been arrived at 
yet by steam.—Considered the mercurial gauge, 
and two safety-valves as essential in the construc¬ 
tion of boilers; and was of opinion, that, by the 
adoption of those precautions, high-pressure steam 
might be used with safety, either with wrought- 
iron or cast-ifoti boilers. 
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Mr. William Brunton, of Birmingham, Civil 
Engineer, called in and examined. 

Had been concerned in making boilers for 
high-pressure engines, which might be so con¬ 
structed as to become useless before they were 
dangerous, upon the principle of having the exte¬ 
rior part of the boiler independent of the flue, so 
much so, that, while the flue is injured by the 
current action of the fire, the exterior part of the 
boiler remains, as to sti^cngtli, unimpaired.—Con¬ 
ceived that a boiler thus formed, when the flue 
has been worn very thin, and then exposed to a 
greater pressure than it could sustaiji, the thiu 
parts of the flue would act as so many safety- 
valves.—Believed it possible to construct boilers 
which would bear an expansive force of six hun¬ 
dred pounds to an inch.—UsuaUy employed two 
safety-valves; one in an iron box under lock 
and key, and that only at the control of the pro¬ 
prietor, and the other open to the engine-man; 
and a mercurial gauge as an inverted syphon, 
which, in the event of the steam being stronger 
than the mercury can sustain, the mercury will 
be driven out, and the boiler thereby relieve 
itself. — In the high-pressure boiler, the injury 
which would arise from its bursting, would be 
done principally by the fragments projected; in 
the low-pressure boiler, the piischief might arise 
chiefly from the hot water and steam. Could 
mention two instances in illustration of this; the 
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first of a low-pressure boiler having given way in 
the bottom, when a stream of fiot water was pro¬ 
jected against the engine-man, causing his death; 
the second instance was of a high-pressure boiler, 
in which a hole was suddenly opened, the water 
projected itself, and completely wetted a boy, 
standing within a yard of the orifice, who was not 
at all injured thereby. Shpuld say the fragments 
from the cast-iron boiler would be equally de¬ 
structive either with a high or with a low pres¬ 
sure. Considered that the fragments from a 
wrought-iron boiler would be" projected with 
equal force with one of cast iron under equal cir¬ 
cumstances.—Knew a wrought-iron boiler which 
burst with high-pressure steam; and a fragment, 
the largest piece, was carried to the distance of 
one hundred and fifty yards.—Was induced to 
prefer wrought to cast-iron boilers from the exa¬ 
mination of several cast-iron boilers, which were 
cracked or broken in the lower part of them, 
which appeared to arise from the unequal tem¬ 
perature and expansion in the exterior part of the 
boiler, which was caused by a quantity of water 
at all times under the flue, and consequently of 
lower temperature than the water above the flue; 
thereby causing the upper part of the boiler to 
expand in a greater ratio than the under part of 
the boiler,—For steam navigation, would recom¬ 
mend a wrought-iron boiler, if properly con¬ 
structed, and, at least, two safety-valves; the one 
to be placed under the lock and key of the pro- 
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prietor of the vessel, so secured as not to be ac- 
sessible to the engine-man; and one over which 
the engine-man had the usual control.—Would 
recoinmci^ tlic valves to be nearly flat, or quite 
so, as tlicy would be less liable to be fastened by 
the difference of temperature to which the valve 
and the scat might occasionally be subjected. 

Mr. Gkorge Dodd again called in and examined. 

Had been on board and was well acquainted 
with twenty steam-boats; knows that there arc 
more tlian ibrty in Great Britain ; many of which 
had co^t O 5 OOO/. others 0 ,()(){)/. and one on the 
Thames above 10 , 000 /.; considered a fair average 
to be ;],600/. each, making the vested (uipital 
140,000/. Most of tlicm were fitted np with pe¬ 
culiar elegance and accommodation, tlie furniture 
and decorations alone forming an expensive item ; 
they were also very expensive to maintain, espe¬ 
cially on the Thames, by reason of the great cost 
of coal. They were most immerous on the 
Clyde, where they had been productive of essen¬ 
tial benefit to the general commerce and traffic 
of Glasgow, Port Glasgow^, Greenock, and the 
neighbouring country.—All of them liad low- 
pressure condensing engines, and wrought sheet- 
iron rivetted boilers, except the remaining steam¬ 
boats between Yarmouth and Norwich, and one 
in Holland, built at Yarmouth; and they were 
high-pressure engines. 
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Mr. JosiAs Jiissor, of the Adelplii, Civil En- 
gincci', called in and examined. 

Had no doubt but what the low-prefi^ire boiler 
was more secure than the high-pressu.e, yet, 
from the natural wear and tear, both were liable to 
accidents. If an accident happened to one of a 
high-pressure, its consequences certainly would 
be more dangerous than that of a low-pressure 
engine.—Tiiought that to ensure safety, the boiler 
should he able to withstand the proof of two or 
three times the pressure to whicli it was after- 
wards likely to be put, or rather tlie pressure to 
which it should be limited ; if, for instance, it was 
meant to work it at tifty pounds’ pressure, and it 
stood the prool'of one hundred and fifty pounds, 
the ]ircsumption would be that it was secure; 
but, in the course of two or three years, any 
luhler would wear out,—Would recommend an 
additional safety-valve, to \Yhich the person 
working the engine should not have access.— 
Preferred malleable iron or copper for boilers, 
because it would not burst by an explosion as 
brittle metal would; it would probably rend at 
the joints.—\Vas of opinion that the boiler should 
be adapted to the siiapc of the boat; and that 
being taken for granted, the safety would depend 
upon the strength of the metal, and not upon the 
form. It should be made of sucli strength, that 
any indenture would not affect it. Although the 
form approaching to cylindrical was of course 
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stronger than any other form, that which ap¬ 
proached nearest to a sphere was the strongest, 
but a cylinder with hemispherical ends was best. 

Mr, Alexander Nimmo, of Dublin, Civil En- 
gineer,.calied in and examined. 

Was of opinion that the best form for the safety- 
valve was that of an hemispherical cup, with its 
convex surface downwards, resting upon a collar, 
and to the bottom of the cup a weight was to be 
hung, which had previously been ad justed ; by 
this means, the valve was always steam-tight in 
every position, yet without danger of adiiering, 
and must be lifted by the steam when it exceeded 
a given pressure; but the valve might also be 
lifted by a chain attached to its upper side, which 
was inclosed within the iron case, and might be 
drawn up by the engine-man, or any person on 
board, and whicli did not allow him to keep it 
down, or to confine it. Had also found it neces¬ 
sary to prevent the accumulation of water upon 
the top of this valve, arising from the condensed 
steam, when escaping; this was done by a small 
waste-pipe descending from the bottom of the 
pipe which conveyed away the waste steam. Had 
thought it advisable to make the steam-valves 
large, that the weight which was laid on, being of 
itself large, might easily admit of addition. Em¬ 
ployed two boilers communicating, and two safety- 
valves ; and a mercurial gauge, provided with 
receivers, so as to prevent the loss of the mercury 
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in case of any sudden collapsaticm or disengage¬ 
ment of steam, also a tube of glass attached to the 
boiler, which exhibited the level of the water in 
the boiler, and precluded any idea of^jdar^er in 
the minds of the passengers.—Was of opii ion that 
the construction of the cast-iron boiler admitted 
of its being made of wrought iron with equal 
strength j then the explosion of the cast iron one 
would be more dangerous, as it would fly in 
pieces, whereas the other would probably tear. 
It was scarcely possible to form cast iron every¬ 
where equally strong, and if a part be weaker 
than the rest, cither on purpose or by accident, 
tliat would not have the safely that would be ob¬ 
tained by a wrought-iron boiler; for instance, in 
cast-iron boilers, it was common to have holes, 
and if these were flilcd wiih some metal of dif¬ 
ferent melting temperature ifom cast iron, more 
fusible tor instance than that, the juncture would 
part first, and it might be made to tear as a 
wrought-iron boiler would do; and again, the 
wrought iron \vas so much more liable to oxyda- 
tion than cast iron, that although found very effi¬ 
cient at first, its strength and tenacity might be 
very speedily altered ; for these reasons, cast-iron 
boilers had been preferred where high-pressure 
engines were used; and, in small tubes, the tena¬ 
city of cast iron could be made greatly to exceed 
that which could be given to wrought iron in the 
same form. 
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Mr. Arthue Woolf, of Pool, in Cornwall, Civil 
Engineer, called in and examined. 

Afy{)roved of the cast-iron boilers in preference 
to any mixture of metals, particularly those com¬ 
posed of a number of tubes j it being always ne¬ 
cessary in boilers to have a certain cpiantity of 
surface exposed to the action of the fire, to con¬ 
tain heat and steam ; and if that were done in 
one vessel, of course it must be of considerable 
size greater in diameter than if c‘ompo'-cd of a 
number of tubes ; and tlic risk of explosion is in 
proportion to its cpiantity oi’surface.—Considered 
his patent boilers calculated for every purpose ; 
they were generally adapted to high-pressure 
steam; his patent was taken out ibr a safe boiler 
for a lugli-pressurc engine; indeed, in his own 
engines, he did not work tlie steam to that height 
as was done in what were called the high-pressure 
engines, as tlic novelty of his engine was that it 
\vorked the steam twice over.— Made his boilers 
to stand from fourteen to twenty times the pres¬ 
sure he ever 'made use of, and employed two 
safety-valves.—Did not think that the wroijght- 
iron boiler would separate into so many pieces as 
^he cast-iron boiler, but had no hesitation in say¬ 
ing, that cast-iron boilers were safer than wrought- 
iron boilers.—Could make a cast-iron boiler 
stronger and more to be depended on for great 
pressure than wrought-iron; but where great pres- 
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sure was not wanted, wrought-iron could be made 
sufficiently strong to depend on; and was of opi¬ 
nion, that as great a number of accidents had 
haj)pencd from the bursting of wrought-iro^ boil¬ 
ers as iroin cast ones. 

Mr. Andrew '\’'ivian, Miner and Engineer, of 
Cambournc, in Cornwall, called in and 

examined. 

Considered that the danger attendant on work¬ 
ing steam engines arose from making the steam- 
vessel of insufficient strength for the steam ; every 
engineer ought to be well acquainted with the 
power of the steam, and make the steam-vesseis 
in proportion to tlic strength of the steam rc- 
([iiired.—Recommended the use of not less than 
t\\o safe!}-valves on every boiler where a high 
pressure ol' steam was required, and that the 
boilers be made of sufficient strength, and proved 
before used.—'I'o prove the boiler, it was first 
necessary to fill it with water, loading tHc safety- 
valves with ten or twelve times the weight re¬ 
quired for the engine, and then by injecting 
water into them, so as to lift those valves with ten 
times the weight required,—Conceived that a 
boiler so proved, and furnislied with safety-valves, 
properly adjusted to its contents, perfectly safe in 
working with steam, whether high or low pres- 
sm-c.—yVas accustomed to load the engines in the 
mines under his directidh, to about forty pounds 
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ab<^.foii7«Sve pounds.—Thinks it very possible 
to lock up <^e of th^ Valves, which may be so 


constructed as not to be liable to accidents from 


exploiion.—Did not see any reason why, in any 
situation whatever, the use of an engine should be 
limited to the low pressure, or that which is 
usually called the condensing engine- — Con¬ 
ceived that cast iron could be made much stronger 
than wrought iron, with less difficulty ; some of 
the cast-iron boilers being made two inches thick; 
and to make a wrought-iron boiler equally strong 
as that, would be very difficult to be accomjdishcd 
by workmen-—Hack known of no accident with 
high-pressure steam and cast-iron boilers; but 
had known an accident happen working with 
Boulton and Watt’s low-pressure engine, whicli 
was on the 28 th of November, 1811 , in A\ heal 
Abraham miue; a wrought-iron boiler, working 
with low-pressure steam, exploded there, and 
scalded six men, three of whom died of the burns 
they received in the’ISourse of a week afterwards. 
.^Did not recollect any instance in which a 
wrought-irofi boiler exploded, so as that any per¬ 
sons were killed by the fragments.—Did not con- 
t;eive that'w^ater could issue to any great distance 
..from a high-pressure boiler, as it must soon be 
steam*—Had never knQivn any persons scalded 
by the steam or the water issuing from ^ higii- 
pressure boiler; but remembered many instances 
persons being scalded^from the same cause by 
Ki^low-pressure engine, only one of^.which came 
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directly under his own Opi¬ 

nion, that boilers made of wro^p€^0^6r'high- 
pressure engines would soon become leaky, and 
that too w-ithout exploding. Knew an instance 
of a boiler of that description made, which be¬ 
came leakv and unfit for use in a very short time ; 
the consequence of which was, the working of the 
mine was stopped, and a great number of people 
thrown out of cm])loy,—Supposing the only ob¬ 
ject to be safety to tlic lives or limbs of the per¬ 
sons who should be surrounding the engine, 
would, in that case, ])refcr having the boiler of a 
high-j)rcssurc engine of cast iron, because it could 
certainly be made stronger than wrought iron for 
the same expense ; while he considered the risk 
was so small as that it scarcely need be taken into 
tlic question, because ail explosions might be 
easily prevented by proving the boiler every time 
it was cleansed, which he thought should be 
at least every month.—Had found the use of a 
high-pressure engine of great advantage to the 
Cornish mines, which could be proved by tife 
monthly reports.—Conceived that every engine 
ought to have two safety-valves, and one should 
be locked up to prevent careless 'ftUgine-men 
doing mischief, which lojy-pressiire engines are as 
liable to as high,—Wa* of opinion that a high- 
pressure engine did greater duty with the same 
coals than a low, which could also be proved by the * 
monthly reports, t—B eing desired to attend the 
Hon. Committee on the part of the proprietors of 
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three of t^e largest mines in Cornwall, the united 
mines of Crowan, Dplcoath, and Weal Unity, 
they wished to state their hope, that the Legis¬ 
lature would not interfere to prevent the use of 
high-pressure engines, either on board boats, or 
in any other way. 


Mr. Thomas Lean, Inspector of Steam engines, of 

Crowan, in Cornwall, called in and examined. 

* 

W'as employed by nearly the whole of the 
miners in Cornwall to inspect their engines, and 
make monthly reports of the work they perfonned. 
—Conceived there was no danger wliatcvcr in the 
use of high-prcssiirc steam engines; and for this 
reason, that, in general, for an engine intended to 
be worked with high steam, the materials were 
made stronger in proportion than the materials 
used for steam of low-pressure.—Considered" it of 
importance that every boiler should have two 
safety-valves, one of which should be confined 
from the engine-man.—In a boiler in wiiich great 
strength was required, would certainly recom¬ 
mend cast iron, and had no doubt but it could be 
made much stronger than wrought iron, the ex¬ 
plosions that had happened in Cornwall having all 
been in wrought-iron boilers, and from low-pres¬ 
sure steam.—In ev^ery ba»ler that was built, there 
was one part of it weaker than another, and it was 
hardly possible for a boiler to be thrown about in 
fragments to do mischief. Should not feel any 
hesitation to sit on the cast-iron boilers in Corn- 
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wall when an explosion took place* li>elng con¬ 
vinced the explosion would take place at the un¬ 
der part.—Was in the ifahit of working the high- 
pressure boiler at forty pounds to an inch, while 
they w^crc proved to three hundred, and that too 
without injuring the boiler.—Apprehendr^d, that 
with a boiler so constructed, so proved, and 
guarded by two safety-valves, there would be no 
danger whatever in any situation; and was also of 
opinion, that the high-pressure engines in Corn¬ 
wall had saved at least two-fifths of the whole 
consiiinj)tion ol' coals in the county; in some in¬ 
stances it had saved tlircc-fifths. 

Mr. Geokcu:: Dodd agaiti called in and exanrined. 

Wifbess wislicd to offer to the Committee a 
second safety-valve, which admitted of’ being 
locked up so as to be inaccessible to the engineer. 
This was furnished with a flat bottom, resting 
upon a fkit circular ring; the steam escaping from 
the sides of the box througli apertures, so con¬ 
structed as tliat nothing could be introduced to 
impede its action. 

William Lester, Esq. of Lambeth, called in and 

examined. 

Witness attended for Sie purpose .of delivering 
ill the drawing of a valve so constructed, to 
prevent the possibility of any person having ac¬ 
cess to it to prevent its action ; it was self-^ting 
entirely from the gravity of a column of water 
acting upon the valve, which prevented its being^ ^ 
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locked by any mode, and it could not adhere be¬ 
cause it was not a cone acting in another cone, , 
but a flat surface pressing upon the top of a cy- 
linder; and being enclosed in a box, and the 
steam getting out at the bottom, no matter could 
get upon the valve to cause its adhesion. 


REPORT. 

The Select ComniiUeo aj^piniited to cuM^idei' of the 
means of ])revcMi!iiJt^ t!ie iniscliief of Explosion from 
happening on board Su’ani-Eoat*^, to the (!an'.icr <»r 
destruction of lii> .Majesty'-' Subjects on board sueli 
Boats ; and who were empowered to rei>ort tlieir oliser- 
vations and O])iiiion thereupon to tiie House; loicether 
‘ with the MinutC'S of the Evidenec taken hehue them; 
have, pursuant to the Order of the Ibuise, eonsidered 
the matters to them referred, and lu^nveti to the fol¬ 
lowing Report;— 

Your Committee entered on the task assigned 
them, with a strong feeling of the inexpediency 
of legislative interference with the management 
of private concerns or property, farther than the 
public safety should demand, and more especially 
with the exertions of that mechanical skill and 
ingenuity, in which the artists of this country arc 
so pre-eminent, by which the Jabour ot man has 
been greatly abridged, the manufactures of the 
country carried to an unriValied perfection, and 
its commerce extended over the whole world. 
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Among these, it is impossible for a moment to 
overlook the introduction of steam as a most 
powerful agent, of almost universal application, 
and of such utility, that but for its assistance, a 
very large portion of the workmen employed in 
an extensive mineral district of this kingdom, 
would be deprived oflhcir subsistence. 

A reference to the evidence taken before your 
Committee, will also shew with what advantage 
this power has lately been applied, in (jreat Bri¬ 
tain, to pr()|)el vessels both of burden and pas¬ 
sage ; how much more extensively it has been 
used ill America, and of wliat farther application 
it is certainly capable, if it may not be said to be 
even now anticipated in pros])cct. 

Such considerations have rendered your Com¬ 
mittee still more averse than when they entered 
on the inquiry, to propose to the House the 
adoption of any legislative measure, by which the 
science and ingenuity of our artists might even 
appear to be fettered or discouraged- 

But they apprehend that a consideration of 
wliat is due to public safety, has on several occa¬ 
sions established the principle, that where that 
safety may be endangered by ignorance, avarice, 
or inattention,' against which individuals are un¬ 
able, either from the "Xvant of knowledge, or of 
the power to protect themselves, it becomes the 
duty of Parliament to interpose. 

In illustration of this principle, many instances 
might be given j the enactments, respecting party- 
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walls in building, the qualification of physicians, 
pilots, &c. the regulations respecting stage¬ 
coaches, seem all to be grounded upon it. 
And your Committee arc of o])inion, that its ope¬ 
ration may, with at least equal propriety, be ex¬ 
tended to the present case, on account of the 
disastrous consequences likely to ensue from the 
explosion of the boiler of a steam engine in a 
passagc-ycsscl, and that the causes l)y which such 
accidents have generally been produced, have 
neither been discoverable by the skill, nor con¬ 
trollable by the power of the passengers, even 
where they have been open to observation. 

Your Committee tind it to be the universal opi¬ 
nion of all persons conversant in such subjects, 
that -stieam-engincs of some construction may i)c 
applied with perfect security, even to passage- 
vessels ; and they generally agree, tlioiigli with 
some exceptions, that those called liigh-prcssure 
engines, may be safely used with the precaution 
of well-constructed boilers, and properly adapted 
safety-valves; and further, a great inajprity of 

opinions lean to boilers of wrought iron or metal, 

« 

in preference to cast iron. 

Your Committee, therefore, in consequence, 
have come to the following resolutions, which 
they propose to the consideration of the House: 

1- Resolved, That it appears to this Committee, 
from the evidence of several experienced engi¬ 
neers, examined before them, that the explosion 
in the steam-packet at Norwich, was caused not 
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only by the improper construction and materials 
of the boiler, but the safety-valve connected with 
it having been overloaded ; by which the expan¬ 
sive force of the steam was raised to a degree of 
pressure, beyond that which the boiler was cal¬ 
culated to sustain, 

2. Resolved, That it appears to this Committee, 
that in the instances of similar explosions, in 
steam-packets, manufactories, and other works 
where steam-engines were employed, these acci¬ 
dents were attributable to one or other of the 
causes above alluded to. 

3. Resolved, That it is the opinion of this Com¬ 
mittee, tliat, lor the prevention of such accidents 
in future, tlic means are simple and easy, and not 
likely to be attended witli any inconveniences to 
the })ro]>rictors of stcam-packets, nor with any 
such additional expense as can either be injurious 
to the owners, or tend to prevent the increase of 
such establishments. The means which your 
Committee would recommend, are comprised in 
the following regulations: 

That all steam-packets carrying passengers for 
hire, should be registered at the port nearest to 
the place from or to which thcy^proceed:—That 
all boilers belonging to the engines by which such 
vessels shall be w'orked, should be composed of 
wrought iron or copper:—That every boiler on 
board such steam-packet should, previous to the 
packet being used for the conveyance of pas¬ 
sengers, be submitted to the inspection of a skil- 
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ful engineer, or other person conversant with the 
subject, who should ascertain, by trial, tlie 
strength of such boiler, and should certify his 
opinion of its sufficient strength, and of the secu¬ 
rity with which it might be employed to tlie 
extent proposed :—I'hat e^ cry such boiler should 
be provided with two sufficient safety-vahes, one 
of which should be inaccessible to the cn^rine- 
man, and the other accessible both to liiin and to 
the persons on board the packet:—Tliat tlic in¬ 
spector shall examine such salety-valvcs, and 
shall certify what is the pressure at which such 
safety-valves shall open, which pressure shall not 
exceed one-third of that by which the boiler has 
beeii prf>ved, nor one-sixth of that which hv cal- 

culatiorf it shall be reckoned able to sustain;_ 

That a penalty shall be inflicted on any person 
placing additional weight on either of the safety- 
valves. 

4. Resolved. That the Chairman be directed to 
move the House, that leave be given to bring in 
a Bill for enforcing such regulations as may be 
necessary for the better management of steam- 
packets, and for the security of his Majesty’s sub¬ 
jects who may be passengers therein. 



CHAPTER V. 


(^'ylhider mnl Phto)i — Condenser — A’r-Pump.-^ 
Barometer and SteanuGauge—tVorhing Beam — 
Parallel Motion — Cannier — Sun and Planet 
tflieel — Fb/ and otlter ]\lodes of regulating Ve~ 
loviiif — Boiler~^Safettf-Calves — Furnace. 

Having taken a brief review of the early histdry 
and general principle of this stupendous machine. 
It niny be advisable before we proceed to a de- 
scri}>tion of tlie i)rincipal engines now Employed, 
to examine more minutely the separate fiarts and 
the progressive improvements effected in each. 

The cylinder and piston b^ing those parts of 
the engine in which tlic effective force is more 
immediately j>roduccd, may first claim attention. 

The piston of tlie atmospheric engine is gene¬ 
rally tpadc of cast iron nearly fitting the inside of 
the cylinder, a circular ledge or rim being formed 
round it to receive the packing, without v^hich 
the steam would find a passage through the inter¬ 
stices in the cylinder. Mr. Smeaton, who greatly 
improved the atmospheric engine, coated the 
under side of the piston with elm or beech 
planks about two inches and a quarter thick; the 
wooden bottom being screwed to the iron with a 
dtouble thickness of flannel and tar, to exclude the 



124 Description. 

air between tlie iron and the wood. By tlie 
adoption of this improvement its ])ro|>crty of con¬ 
ducting heat was reduced, and the wood having 
been previously jointed witii tiic grain radiating 
in all directions from the centre, was not liable to 
expand by the heated steam. This piston was 
kept air-tight by a small stream of water conti¬ 
nually falling on its upper surface; but in Mr. 
Watt's engine he was compelled to edcct this by 
improving the fitting of the pistonj the old mode 
being inadmissible. It is now cast with a pro¬ 
jecting rim at bottom, which is fitted as accu- 
rately to the cylinder as it can be, to leave it at 
full liberty to rise and fall through the whole 
length. The part of the pintoii above the rim is 
about two inches less all round than the cylinder, 
to leave a circular groove for the hemp which 
forms the packing. To keep tliis in its place, a 
lid or cover is put over the top of the piston, with 
a rin^ or projecting part, which enters into the 
circular groove for the packing, and pressing 
upon it the plate is forced down by screws, which 
work into the body of the piston. By this means 
the ]jacking is made to fill the diameter of the 
cylinder with tolerable accuracy, and to prevent 
for a time any steam passing between the piston 
arid the cylinder. When, however, by continued 
working the piston became too easy, and so occa¬ 
sioned a waste of steam, it was found necessary 
to take off the top of the cylinder to get at the 
screws, even when frbsh hemp or packing was not 
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wanted, and this operatioa being attended with 
considerable labour, was jfeldom resorted to by 
the engine-man till a great waste of steam had 
taken place. By an improvement on this piston 
introduced by Mr. WooI§ this is now effected 
without taking off the cylinder cove-, except, 
indeed, when new packing is required. 

To accomplish this, Mr. Woolf fastens on the 
head of each of the screws a small cog-wheel or 
nut, and these are all connected together by 
means of a cefitral wheel working loose upon the 
piston-rod in such a manner, that if any one of 
the screws be turned a similar motion is given to 
the remainder, a cap being provided in the upper" 
end of the cylinder screwed down by bolts to 
make it steam tight. In a piston thus 
structed, there is little difficulty in drawing down 
the jiacking, by applying a key to the square head 
of the projecting screw employed to communicate 
with the rest. Another method contrived by 
Mr. Woolf for the smaller pistons differs but little 
from tjic preceding in construction. Instead of 
having several screws all worked down by one 
motion, there is in this but one screw, and that 
one cut upon the piston-rod itself; on this is 
placed a wheel, the centre of whicli is furnished 
witli a female screw, which is forced down by 
means of a pinion furnished with a sqoarc pro- 
jecUng head turned in a similar manner to the 
preceding. 

For high-pressure engines, however, the mefallic 
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piston invented Mr, Csutwrigbt has the most de¬ 
cided preference. Tbis not only saves the trouble 
and expense of packing, which must be frequently 
renewed in all other engines, but also a great deal 
of steam, on account of tlic more accurate man¬ 
ner in which it is made to fit the cylinder; this is 
effected in the following manner: Two metal 
rings are accurately ground into the cylinder, so 
that no steam can pass between their exterior sur¬ 
face and the inside of the cylinder, tlicir upper 
and under sides arc also ground perfectly flat, and 
applied one upon the other. On the upper ring 
is placed a plate of metal, rather smaller in diame- 

• ter than the cylinder, while a similar flat plate is 
placed below the under ring, both of whicli, with 
the rings' between, are attached firmly to cacii 
other by means of the piston-rod passing through 
them. 

^ A shell being thus formed, the rings arc each of 
them cut into three pieces, and in cutting them, 
such a portion of the metal is taken away as to 
leave toom to introduce between two of the pieces, 
a spring in form of the letter V, the open end of 
which is placed outwards, almost close to the cir¬ 
cumference ; by which means the two pieces 
against which the two sides of the spring act, are 
pressed in the direction of the circumference, 
against the ends of the third piece, so that tlie 
three pieces are thus kept so uniformly in contact 
with the cylinder, that the longer the machine is 
worked, the better the rings must fit. To prevent 
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Steam passing thfough the dits id the lower rings, 
the solid parts in those upo^ the upper side, are 
made to fall upon the divisions and springs of the 
under ones, thus interrupting the communication 
that would otherw'ise remain open, and forming a 
perfect break-joint. The interior surface ■'Of the 
cylinder in wliidi tlie piston works, requires -o be 
bored with the greatest exactness, though this was 
but little attended to in the early atmospheric en¬ 
gines, some of them being composed of timber 
hooped together in the same manner as barrels are 
constructed. Mr. AVatt, in his iirst attempts at 
inqnoving the steam engine, employed this mate¬ 
rial in the construction of iiis cylinders, though he 
afterwards abandoned it for those of bored metal; 
the operation of boring being performed with the 
grcaies-: precision, by an ajiparatus invented by 
Mr. W'ilkinson*. 

Mr. Murray has also effected considerable im- 
]ii'ovcments in this part of the engine, and the 
boring machines employed in his manufactory are 
of considerable value. They are worked by a 
separate steam engine, wliich is never stopped 
during the operation, as in that case a shoulder or 
ring would be formed, running completely round 
the cvlindcr. 

In small engines, it is common to place the cy¬ 
linder within the boiler, in which case no artificial 


* For a description of Mr. Wilkinson’s patent cylinder appa¬ 
ratus, see Appendix, A. 
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anode of ret^Mg required; bu( to 

this arrangement of larger dimensions 

there are several objections, not^thc least of which 
is the iVeqiicnt repairs that arc necessary in the 
boiler ; and a similar eilbet has bccu produced by 

the use*, of a double cylinder. This was ftrst 

• 

adopted bv Messrs, lloulton and-Walt, the outer 
cylinder or stefm-juckct keeping the inner cy¬ 
linder at the temperature of boding water, by the 
action of a partition of steam made to pass be- 
tween*the jacket aixl the working cylinder. 

We have already stated, that Mr. Watt's great 
improvement consisted in comlensing the steam 
in a separate vessel where a vacuum was I'urmed 
by tlic conlinuetl a}>plicaiion of cold water. A 
metal box constructed for this purpo.se, and fur¬ 
nished with a putnp tor drawitig utf the water and 
air, is called a eumienscj*. It is necessary that the 
parts appropriated to this purpose sliould be kept 
as cold a.s possililc ; and upon this aeeotint tlu,* 
air-pump and c<»n<lonser are phiccil in a t i.stern of 
cold water, which is kept liill by the continued 
action of a pump, also worked by tlic engine, and 
called the cold water pump, a little being allowed 
to pass off continually to preserve the water at an 
equable temperature. 

The air-pump and condenser arc usually of the 
same size; if of one-eighth, tlie capacity of the 
working cylinder, it will be fouud sufficient to 
keep the condenser empty in Mr. Wattes single 
engine. The best proportion for a double action 




engine is of ^ 

cyKndcr and i^ke^ ^ con- 

deoser, as in tKe: i^le engine, being of sinular 
capacity*:, ' 

In Mrf Matidsby^s portable engine the con¬ 
denser is an hollow cylinder, and the air-pump k 
placed within it, so that there is no necessity for 
a pipe of communication from t|ic air-pump to 
the condenser; and in this case a small cistern is 
over tlic ptimp to contain the hot water, the 
discliargc-valvcs being placed in the lid, which 
thus forms the bottt)m of the cistern or hot welh 

In the early engines, on Messrs. Boulton and 
Watt’s construction, the air-pump and condensing- 
cistern were placed at the outer end of'the beam j 
in which ease the pump-bucket being drawn up 
by th(‘ descent of the piston, the engine required 
less counter-weight than in the present form, in 
wiiicli the air-pump must be wholly worked by "4 
the counter-weight. It was necessary also, that 
tlie parts appropriated to the condensation of ’ 
Mcam should be kept as cold as possible; on which 
account) the air-juimp atid condenser were placed 
in a cistern of cold water, which being conti¬ 
nually on the overflow, carried ofl‘ the excess of 
heat. 

The mode of cofidensihg by outward cold, was 
not howfcvcr found siifHiieqt; and Mr. Watt 
afterwards introduced a smaH^jqt of water, the 
dimensions of the air-pump being so far increased, 
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AS to ^xtract^'Ai^ injQ«st|«^ivater as well as the 

*■ 

To shew the degree of xTicuum in the con¬ 
denser, and consequently the amount of pressnre 
on the piston, a baroincicr-gaiige has been em¬ 
ployed. This is justly consi(lcre<l as a most im¬ 
portant instninicnl, though nnibrlunatctv for llic 
profit of steam engine pro]>rictors l)ut little at¬ 
tended to. This gauge is in fact a common baro¬ 
meter tube* of thirty inches in iermth, with a 
graduated scale, and connecteil with llie con¬ 
denser by a small tube f'urnisiicd with a stoji-cock. 
When the air is expelled from tin: (‘vlinder this 
must be closed, otherwise tlie steam entering the 
tube would blow the mercury iVoni tlic cup. On 
tljc cock being turnt'd, and the communication 
oJ>encd with the condenser, the exact dcLrrce of 

vacuum will be shewn bv tlic hcfsrlit of' the mcr- 

• * 

curial column, which, if the condensation be not 
complete, or air be admitted, will descend, and 
on the contrary, if perfect, it will ascend, as in 
the Torricellian tul)c. 

The steam-gauge cm])ioycd by Mr. Walt/con¬ 
sists of an inverted syphon or bent tube of glass 
or iron, one leg of which is jointed to the steam- 
pipe, while the other is open to the atmosphere. 
A quantity of mercury being poured into the 
Itibc^ it will occupy the lower or bent |>art, and 
the surface of the fluid niefal in one leg being ex¬ 
posed to the pressure of the steam, while the cx- 
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icmal air acts upon thc^other, ft is eviiicnt thMt 
tiie difference of level of the two surfaefes will oa- 
presf} the pressure of tiie steam in the height of 
the mercurial column passing up the graduated 
tube. > 

This gauge is just tlic reverse of the preceding; 
the barometer shewing the pressure of the atmos¬ 
phere on a given space of the piston, while the 
stcam-guage indicates tlie force of elastic vapour 
entering from the boiler. It is the duty of the 
fire-man lVc(|ueiitIy to look at this gauge, that he 
may know when to increase the fire in the fur¬ 
nace, and thus a sufficient supply of steam will 
always 1)C secured to the engine. 

In the early aimospluTic engines, the working- 
beam was ct)mposcd of a large and almost un- 
licwn tree; but Mr, Snieaton employed a framing 
of' wood lor this ])urpuse, wliicli was afterwards 
mueh simplified and improved l)y Mr. Horn-^ 
blow er. 

in tiuubic-acting engines it is usual to have the 
beam euNt in one piece, the extremities being 
tuiwed in a latlic to form cylindrical pins, upon 
which arc fitted sockets or pieces, having other 
pins jirojecling from them to form the points of 
tlie parallel-motion and connecting-rod. Thus, 
there is one pin on each side oft he socket, the two 
links of the parallel-motion being filled to the two 
projecting pins at one ciub while the double joint 
of fhc cunnccting-rod is fitted on the two pins at 
the other end of the beam. The advantage of 
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this constructi'oil is, ihiA tbo joints at the ends of 
the beam become universal joints, having liberty 
of motion in all directions; and in some of Mr. 
Murray’s best engines, the same contrivance is 
applied to the crank-pin and connccLing-rod. 

The two great links oi’ the pandlcl-motion, are 
each composed of a strap or loop of iron, bent so 
as to form a double liiik, in the upper bend ol* 
which arc two sockets for the pivots at tlic end oi' 
the beam, ami at the lower end arc two others, 
for the pivots which prefect on each side ot the 
piston-rotl socket, U iie brasses ol this joint arc 
held in by wedges, put through tlie two links at 
the lower end, whieli, on being driven inwards, 
tighten tiic fittings at plea>nie- 

To ascertain the number oi strokes ma<le by 
tlie engine in a given time, a simple apparatus 
was contrived by Mr. Watt, called a counter. 
This is in some cases attached to tlic beam, each 
stroke moving one tooth, and tlie index hand 
shews how many strokes have been made in a 
given time; and by comparing this register with 
the diameter of llte ])iston and the buromaler- 
gauge, tlie exact jiower of the engine is accu- 
ratcly shewn. 

The fly-wheel has justly been considered one 
of the most important and valuable parts of the 
ateam-jenginc: wlien combined with the crank, it 
is employed to convert a reciprocating into a 
rotatory motion. If of moderate size, it should 

cast in one piece of metal; this, howxver. 


General 138 

cannot often be accom{^Iished * from its great 
weight, tlie fly-wheel of a large engine frequently 
exceeding ten tons. When of this size, the ring 
is usually cast in six pieces, of about a ton each, 
and connected by wrought-iron bolts j but a 
mciliod has lately been introduced in large en¬ 
gines, of substituting the dove-tail for that mode 
of connecting the parts. In this case the arms 
arc fastened into the ring, and the segments of 
the ring fastened together by a system of dove¬ 
tails, which admit of being put together only iii 
one direction, wliich is contrary to that in which 
the centrifugal force acts. It is a great object in 
constructiiur flv-whccis, to clioosc that form which 
oiUts tlio least possible rc'^istancc to the mc- 
flium through whicii it revokes, anti on this ac¬ 
count the ring should be smootli and truly cir¬ 
cular; the radii being made witi) a thin edge to 
the air. It is also necessary that the various 
jtieces connected with the fly, should be cast in 
the most solid manner, as the centrifugal force of 
so large a mass frequently moving at the rate of 
nioi^ than tlircc hundred feet per second, would, 
in the event of any part flying off, be protluctivc* 
of the most fatal consequences. ■ 

Messrs. Murray and Wood form tlie radiating 
arms or cross bars of an elliptic figure, the nar¬ 
rowest edge meeting liic air; and to these eminent 
engineers we are indebted for the following rule 
for proportioning the fly-wheel of' the steam eu* 
ginc. Multiply the number of horse power of the 
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engine by 9000, and divide it by the square of 
the intended velocity of the circumference of the 
fly .‘wheel in hundred-weights. Of this rule Mr. 
Buchanan furnishes an cxnmjilc: to find the 
weight of a fly-wheel proper lor an engine of 
twenty horses' power, sn[>posing the fly-wheel to 
be 18 feet in diameter, and to make *22 revo¬ 
lutions per second; wheel infect diameter = 
feet circumference; x 22 revolutions per minute 
= 1232 feet motion per minute -t- OO = 2(>r feet 
motion per second for the motion ot' the circum¬ 
ference of' the fly-wheel. I'hcn feet per mi¬ 
nute sfpiarcd, = 420 *,, an<l twenty horses’ power 
X 9000 = 40000 ^ 420 i = ‘> 0*4 cwl. of the 
wheel required- 

In addition however to tliis mode of regulating 
the velocity of the steam engine, a variety of 
plans have been suggested for ctpializing tlic ad¬ 
mission of steam; the most simple of wliich is hy 
means of a handle connected with the throttle- 
valve. Tliis is a thin circular vane placed in the 
steam pipe, turning on a pivot across its centre, 
wliich comes througli the pipe, and has a small 
^handle fixed on the end of it, turning which, 
the passage is opened or shut. When the vane is 
«et» so that its plane, is perpendicular to the axis 
of the pipe, it nearly fills the circular passage, and 
allows very little steam, if any, to pass by it; but 

; , 

\wben the vane is turned edgeways, it presents a 
-Verytfqaall surface, and leaves the passage nearly 
open; so that by thus turning the handle, the 
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attendant can at any time rcgixlate the speed of 
tiic engine. 

The governor or double pendulum, is also em¬ 
ployed for this purpose. This consists of two 
balls, suspended by joints projecting from a ver¬ 
tical axis, which being caused to revolve by the 
inachinc to wliicli it is connected, will increase 
the diameter of the path described by the balls 
with the increasing speed of the machine ; or, in 
oIIkt words, their centrifugal Ibrcc will cause 
them to fly of]‘ from the arbor in a degree pro¬ 
portionate to the velocity of the machine ; and 
this motion is made to actuate the lever con¬ 
nected ^\ilh t!ie valve, which admits the steam 
Irom the boiler to tlic cylinder. 

Anollier method, is to ha\e the small pump 
worked by the engine, and raising up water into 
a cistern, from which it runs out again in a con¬ 
stant stream. Hv this means the water will ac- 

V 

cumulate, and rise in the cistern, if the engine 
wt>rk rapidly, so as to pump more water into the 
cistern lluin will liow out of it in tiie same time; 
and, on the contrary, the surface of the water will 
sink in the cistern, if the engine work slowlyv 
and a float being in the cistern, and connected 
with a wire to the throttle-valve, proportionate 
clfect will be produced on the engined* 

# 


^ Tiie iKiti'iU rt'gnlutor iu\calCLl Uy Mr. Job 
ijuhbcil in .\cpcnilU, A. 
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Tbe only materials that have hitherto been 
employed in the construction of steam*eiiginc 
boilers, arc iron, copper, wood, and stone. The 
latter of these was introduced by Mr. Bruulley, 
who, in 1756, erected jx steam engine near New- 
castlc-under-Lyne witlj a boiler of this description. 
It was composed of brick and stone firmly ce¬ 
mented together, and the water was heate<l by 
iron flues passing in various directions. An ad¬ 
mirable cement for this species ot' boiler may be 
formed of boiled linseed oil, litharge, and red 
and white lead mixed together to a proper con¬ 
sistence, and then applied as a species of mortar 
to the stones. If the joints be properly filletl, a 
cistern thus constructed will never leak, nor want 
an}" very considerable repair. 

Savery’s boilers were of coppe r, and ewntained 
about five or six gallons oi'water ; and the. Mar¬ 
quis of Worcester states, that he employed “ a 
piece of a whole cunnoif’ ibr that purp(>^c^ 

The atmospheric-engine, constructed by New- 
coman, was provided wiilj a boiler of considerable 
dimensions, composed of wrought iron plates, the 
upper part being of an hcmispbcricaj form to 
resist the elasticity of the steam j and it is of con¬ 
siderable importance that this part of the boiler 
be accurately proporfioned to the |>ower of’*the 
engine* If the boiler-top be loo small, it re(juires 
the steam to be heated to a greater degree to in¬ 
crease Its clastic force sn/!icienlly to work the 
engine, ami then tbe condensation on entering 
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tlic cylinder will be greater. If the tt^ contain 
eight or ten times the quantity of steam used at 
each stroke, it will require no more fire to pre¬ 
serve its elasticity than is sufficient to keep the 
water in a proper state of boiling; this, there¬ 
fore, may be considered as the most eligible size. 

Wooden boilers have as yet we believe been 
exclusively confined to America. They were m- 
tro<luced by Mr. Anderson and Chancellor ibii- 
vingston. The merits of this boiler arc, economy 
in construction, and a very material saving in 
fuel; the latter of which advantages will be rea¬ 
dily seen from the circumstance, that wood is a 
bad conductor of heat, while metal is one of the 
best. That there is a great saving in the employ¬ 
ment of this species of boiler where wood is cheap 
is safticiently evident; that part, however, which 
is above the water* and consequently exposed to 
the action of the steam, speedily decays, and the 
elastic vapoiiat' passes through the joints. This, 
however, might be rcmcdic<l, by coating the in¬ 
ternal surface with thin metal, which might rea¬ 
dily be connected with the furnace and flue, so as 
to make the whole boiler steam-tight. 

The boiler of Messrs. Boulton and Watt’^ en¬ 
gine is so p1acc<l as to receive tlic greatest pos^. 
sil)lc degree of heat, the flame passing through a 
long flue which twice encircles the lower part. 
This is kept constantly supplied with water, to 
repair the waste of evaporation by means of a 
pump communicating with the hot-well; and as it 
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is necessary that this should always be preserved 
at the same level, the feetl-pipc is closed by a 
valve in the bottom of the cistern, which prevents 
the water running down into U»e boiler until its 
level subside, and shews that it requires reple¬ 
nishing. To know the exact height of the water 
in the boiler, two cocks arc mostly employed ; one 
of which is carried below the requisite water-mark, 
and the other stands a little above the desired 
point. If water should issue from both cocks, 
the supply has not been suilicient, and more must 
be admitted; but if, on the contrary, water pro¬ 
ceed from the one cock and steam tioin the 
other, it may then be considered about the puj- 
per levcK 

Thc patent boiler employed by Mr, Wuoli, is 
diflerent from that commonly used in engines 
which work with steam t»t' a low pressure, the 
water being confined in sevciai c\Iiiulrical tubes 
ol' ca^t iron which are exposed to the lu at of the 
furnace nearly in an horizontal position. In the 
employment of this kind of boiler care should be 
taken that the flame ami heated air be made to 
come completely in contact with the iron Lubes of' 
which it is composed, and so as to give out the 
.least possible portion of heat previous to reaching 
the chimney. 

This mode of raising slt^am of great elasticity, 
by exposing a large surface in a number of heated 
tubes, doc.s not appear to Jaave originated with 
Mr. Woolf, it having been proposed by Mr. 
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Blakcy in a small tract which he published in 
Holland as far back as 1776. It appears, how. 
ever, that Biakcy*s tubes were to be placed over 
each other upon the same principle as the ole- 
fient gas-retorts, and fhe^water passing down 
the heated pipes, was thus readily converted into 
steam. 

I’hc high*prcssurc boiler, employed Mr. Tre- 
\ithick, is supplied with water previously heated 
in a separate vessel, by a small force-pump worked 
by tile engine. In some of the improved engines, 
however, another and more ingenious mode had 
been adopted, the water being driven in by the 
aetion of a volume of liigidy expansive steam. 

Among the provisions made for the security of 
the high-pressure boiler, w’c may enumerate the 
soft metal plug and double safety-valve- The 
former of these eoutrixanccs is calculated to pre- 
^cnl tlic boiler being l)uist by the sudden intro¬ 
duction of w'atcr, when it lias been allowed by 
carelessness to boil dry, and become red hotj and 
by the employment of two safety-valves placed 
in dirtcrent parts of the boiler, the chance of ac- 
eiilcnt is diminished at least one half, while the 
edect of the engine is in no shape impaired. 

The greater part of the boilers employed iu 
American steam-navigation arc of wrought iron, 
and arc usually more than a quarter of an inch in 
thickness, of a cylindrical form, and about thirty 
inches in <liainctci*, with a cast-iron end about 
two inches thick; and the testimony of expe- 
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rieueed engineers both in this country and Ame¬ 
rica, has invariably shewn, that such a species of 
boiler, when oid and thin by long wear, has gene- 
rally given way by a small rent or hssiire througli 
which the steam esciif^es, gradually taking off the 
internal pressure, and thus securing the pas¬ 
sengers adjacent from the drcadfhl consequences 
which have frequently resulted from the explosion 
of cast-iron boilers similarly constructed.* 

The safety-valve being an object of considcml)lc 
importance, both as regards the utility of the en¬ 
gine, and the preservation of those connected 
witli its management, much attention has been 
given to its construction, and to this highly useful 
appendage we would particularly call the rcadcr*.s 
attention. 

The first engine that wxs made by Caj>tain Sa¬ 
vory liad a stccUyard safety-valve, to let liic steam 
fly off when it ajl^’cd at a dangerous degree of 
elasticity. The following figure will furnish a 
sufficiently accurate idea of this simple apparatus. 
A, tlie top of the boiler; B, the safety-valve or 
plug mad<vto fit air tight in the lube or valve- 
seat beneath ; C, the lever working on Had axis at 
D, and furnished with a moveable weight, £, 

adjusted to balance the pressure of the steam. 

- ------- 

* la UKMie boiKen tUat are consuotly employee! witli »ea- 
a accumulation of salt takes place; it is therefore 

BcdeiMl^ fbr ships which perform long voyages to be provUlcU 
with two boilers, each of which should be capable of supplying 
the etigiAC with the necessary quantity of steam. 
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When steam of consulerable elasticity is required, 
the weight is placed at the extremity of die 
lever, and, as such acts with greater force on the 
safety-valve than when removed to a point nearer 
to the axis on which it revofVes. So that should 
low-pressure steam be required, it will only he 
nccessar}* to remove it nearer the axis or centre, 
and lice vcr$a. 



'i'hc lever and balance-ball which form this ap¬ 
paratus, wouiil at aii times be cflcctual were they 
not liable to be fastened by the corrosive nature 
of the materials of which the valve is composed, 
and, what is worse, their press^^ altered by the 
addition of more wxiglit. This, however, as too 
frequent experience has shewn, is continually the 
case, the engineer having more regard for tlic 
full performance of his machine than for his own 
safety or-rJife; and to the overloading of this 
valve, these accidents may be principally attri¬ 
buted. 

To prevent a recurrence of those accidents 
which first drew the attention of the legislature 
to this important part of the engine, and to which 
w’e have already referred, under the head of steam 




142 


Oefteroi Desoiption. 

safety-valve in an iron box, and so put it beyond 
the control of the engine-man. 

The annexed figure represents an inaccessible 
safety-valve, calculated to answer all the purposes 
for which it is intended, namely, the preservation 
of those employed in tlic neighbourhood of the 
boiler, and economy in the use of steam. 



In this, as in the preceding diagram, A repre¬ 
sents the boiler, nud IJ tlic salety-valve, fnrnislu'ii 
with a small upright staff, on \shicli slide the ad¬ 
ditional woiirhts C'C’C. The whole is inclosed in 

V 

a box D, pierced with holes to allow the steam to 
escape after it lia^aised the valve B. 

Should high-pressure steam be wanted, it is 
necessary only to increase thcjiumbcr ot weiglits, 
and the desired effect is produced; or if, on 
Ihc contrary, steam of tlie usual atmospheric 
pressuf4 be wanted, the whole of the weights arc 
taken oflf. 

The safety-valve invented by the Chevalier 
Edelcrantz, has nearly the same properties as that 
employed by Mr. Woolf. It consists ol’ a small 
brass cylinder which is fixed on the boiler, and 
fitted with a piston made to descend with its own 
weight when raised by the pressure of the'steam. 
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The Jowcr part of the cylinder being made to 
communicate wth the boiler; the upper part i» 
closed by a small cover scrcwc<l on to it, and per¬ 
forated 'with a hole, tlirough which the piston-rod 
passes freely, which serves the double purpa c of 
keeping the piston pcq>cn(JicuIur, and })rcYenting 
it being blown out. The sides of the cylinder are 
pierced with a number of small holes, placed in 
succession at a short distance above each other, 
M) that the open space for the steam to escape, in¬ 
creases with the licight ol' the valve, and is ulti¬ 
mately enlarged so as to prevent any danger of 
explosion. Tito piston-rod is also furnished with 
a number of weights, fitting loosely on a small 
shoulder, similar to those employed in the com¬ 
mon hydrometer; and these maybe removed or 
increased at pleasure. 

Another advantage likely to result from the 
adoption of this satctv-valvc isj^thc facility with 
which it may be employed to regulate the nre of 
tlie steam-engine Tnrnacc to the intensity of the 
elastic vapour rccjiiired. This may readily be ef¬ 
fected bv a register pressing on the to|v of the 
safety-piston, and connected with the apertures 
for the admission of' air, whicli, by increasing of 
<lccrcasing the supply of oxygen, will have a pro¬ 
portionate result on the steam generated in*the 
boiler, and consequently effect a considerable 
saving in the expenditure of fuel. 

Another safety-valve, opening internally, has, we 
l)clitwe, also been added by Messrs. Boulton apd 
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Watt This is of great utility, more particularly 
in large engines, as it prevents the sides of the 
boiler being crushed in by the sudden intro¬ 
duction of water, or any artificial condensation 
that may take place from reducing the heat of 
the boiler-head. 



CHAPTER VI. 


Savm/s Engine improved hf Pontifex, — Atmo¬ 
spheric Engine. — Single-acting Efigine, by Boul¬ 
ton and —Murray and ff^oods Engine *— 

High-pressure Engim\^^H'\yolf*8 Double-cyUn' 
dvr Expansion Engine. — Maudslay^s Portable 
Engine — Masterman's Rotatory Engine*—Smoke- 
consuming Furnaces. 

. 

The Engine invented by Savory, and improved by 
rontifex, possesses considerable advantages over 
tl*e Marquis of Worcester’s apparatus, andit is 
probable that the extreme simplicity of this engine 
will, when better known, bring it into more gene¬ 
ral use. With this view we have selected it as 
the subject of our first plate, in preference to the 
original engine, the principle of which has been 
already very fully explained. The apparatus we 
are about to describe, has lately been erected at 
the City Gas Works. 

Plate I. Fig. 1. and 2. represent front and side ele¬ 
vations of the cylinders, and connecting apparatus. * 
Fig. 3. Back view, with section through the 
cistern and buckets. 
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Fig. 4. and 5. Vertical and horizontal sections; 
the latter commencing at the dotted line^a, Fig. I. 

Fig, 6. and 7. Side and end view of the 
waggon boilen 

b,b. Fig. 1, Two steam cylinders connected by 
cross tubes at ct\ in each of wliicli a vacuum is 
alternately formed by the condensation of elastic 
vapour, conducted from the boiler by the bent- 
tube d, and admitted to the steam-cylinders by 
means of the sliding-vaive c. 

' jf ./• Fig. 4. Twoi4ubcs perforated with small 
holes for the admission of steam and injection wa- 
ter, the latter of which is distributed by falling on 
the strap g. 

A. The suction-pipe^roceeding to the bottom 
of the well, which in no case ought to exceed 
from twenty-eight to thirty feet in depth ; so tliat 
a vacuum being formed in the copper vessels b /i, 
the water will be raised by the pressure of the'at* 
mosphere, and passing up the tube h will take the 
place of the elastic vapour. 

f. f. Two valves placed at the upper end of tiic 
suction-pipe A, which .allow of the* upper pas¬ 
sage of the water from the well, but prevent its 
return. 

j.j. Two similar valves opc'ning into the air- 
vessel 4^^ which is attached the nozzle /, serving 
to convey the water from the copper vessels to 
any retired point. 

m. The injection'tube, fuimished with a valve 
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at o, and intended to convey water from tbe box 
n, to the taper tubes f f* 

/». Stop-cock to regulate the supply of condens¬ 
ing water. 

q. Tube passing from the bottom of the cistern 

to the injection-tube m, and furnished with a 
stop-cock at Si 

The quantity of water in the cistern r is regu¬ 
lated by a floating valve /, which in^Fig. 3. is re¬ 
presented immediately over the pipe 9 , so tliat the 
valve is Qpened whenever tlie water rises beyond 
the required depth. 

tun. Two tubes communicating with the back 
part of the chambers nn, and tbe inverted vesseb 
r r, each tube being furnished with a valve at w 
to admit the water from the chamber to the buck¬ 
ets X X. 

x. x. Two buckets suspended by rods, and a 
chain passing over the wheel 3, which is fixed 
on the end of the axis 3, and supported by a 
bracket 4. From tbe other end of the axis 3 
projects an arm 6 provided with a stud T. 

y. A horizontal axis tiu'ning in a stuffing-box 
at 10 , on one end of which is fixed a pinion 11 , 
which serves to give motion to the sliding-valve e. 

To put this engine in action, the steam must be 
first raised to the boiling point, and the'i^ve or 
cock opened, which admits it to pass from the 
boiler to the pipe d. One of the buckets must 
now be made to descend, which will open the 

T 2 
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sIlding-MiIve and admit the steam into the 
cylinder A, 1, Tl>e atmospheric air, which will 
thus be expelled from the cylinder, is allowed to 
pass through the valve j and nozzle /• The other 
bucket must then be depressed, and by its action 
upon the sliding-valve it will open a communica¬ 
tion for the injection water through the pipe q 
which passing down the perforated tube f will 
immediately, condense the steam, and form a va¬ 
cuum in the vessel. The whole pressure of the 
atmosphere being now removed from the suction 
pipe A, the w’ater will rush up to restore the equili¬ 
brium, and the vessel h being filled will furnish a 
supply at the bent-tube /. 

Having examined the action of one-half of the 
apparatus, we may suppose the same effect to be 
produced on the opposite side. The steam will, 
in the first instance, be admitted by the pipe c, and 
a communication afterwards opened by means of 
the sliding-valve with the condensing water, which 
by reducing the steam to its original bulk will form 
a vacuum, and the water will again ascend as in 
the first vessel. 

The stop-cock j/ must now be opened, and the 
bucket X first described made to descend, which 
will remos'e the sliding-valve e to its original 
position, and admit the steam to the upper part of 
the first vessel, which will depress the water, and 
cause it to flow through the valve./ and nozzle /, 
while at the same time the water will pass through 
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tlic tube u u, in which the valve w is inserted be-- 
ncath the inverted vessel v. The water will con¬ 
tinue to enter the bucket <r till its increasing 
weight causes it to preponderate, and turn tlie 
sliding-valve e in the opposite direction. 

Should there not be a sufficient supply of water 
in the cistern r r for the purpose of condensing 
the steam in the large vessels, the stop-cock p 
must be opened, and an additional supply of water 
will then be furnished from the chambers n « by 
the tube ni, and in the event of the bucket not be¬ 
ing depressed at the instant that the water is ex¬ 
pelled from the chamber n of the vessel A, the 
steam will pass through the tube uu, and act be¬ 
tween the under side of the fixed inverted vessel 
V, and the surface of the water in the moveable 
bucket X, the descent of the bucket being accele¬ 
rated by the rcpellant force of the steam, so that 
by the alternate action of the buckets x the 
motion of the engine is rendered continuous. 

It appears that each steam-vessel in the engine 
employed at the City Gas Works, contains about 
thirty-six gallons of water, which is raised about 
wenty-eight feet three times every twd minutes; 
one bushel rf coals, or two of coke, serving the 
boiler about two hours and three-quarters. 

The AUnospheric Steam-engine, which is pest in 
the order of invention, is now but little employed ; 
indeed, if we except the mining 'districts where it 
is occasionally seen connected with the pumps for 
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raiaiag water, this species of engine is of very 
rare occurrence. The great merit of Newcomen's 
engine consisted, as we have already seen, in 
separating the parts in which the steam was to 
act, from thc^e in which the water was to be raised; 
steam being employed merely for the purpose of 
displacing the air, and then forming a vacuum 
by condensation. 

In this engine, steam of moderate expansive 
force is generated in tlie l)oiler a, Plate II. by the 
action of the dre in the furnace h, 

c. The steam*pipe, Ui rough which the clastic 
vapour passes to the cylinder iL 

d. The cjdinder, furniMicd with a plug or piston, 
made to fit air-tight by means of a packing of hemp 
or any other clastic material. 

e. Thepiston, connected with tlie working-beam 
/by means of a flexible chain and rod. 

/. The working-beam, or lever, supported on 
the axis g. 

A. The pump-rod, by the alternate elevation 
and depression of which the water is raised to any 
required height. 

i. Injection-pipe, connected with the col<l wa¬ 
ter cistern at A, and furnished with a small branch 
pipe /, to supply the uj^er side of tlie piston 
with water. 

m. Eduction-pipe, furnished with a valve at 
to prevent the return of the water from the hot- 
well o. 
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p. Waste^ipe, to conduct the sitpedhious water 
from the top of the cylinder to the bot-well. 

q. Injection and steam-cocks, alternately open¬ 
ed and shut by the plug-frame r, so that when 
the steam-pipe c is open to the cylinder, the con¬ 
nection with the injection cistern is closed«and 
vice versa. 

s. The feeding-pipe, to supply the boiler with 
water, furnished with a cock at L 

tu The snifting-valve, by which, at every ascent 
of the piston, the air extricated from the condens¬ 
ing water is driven out by the pressure of the 
steam. 

M. w. Two gauge-cock^i connected with pipes 
passing into the boiler, the one longer than the 
other, to ascertain the depth of water. Should one 
of these furnish steam and the other water, the 
latter may be considered at the required height* 
But if on the contrary both give steam, or both 
water, it is too high or too low, 

fr. Forcing-pump, worked by the main beam, 
for the supply of the injection-cistern, with which 
it communicates by means of the pipe a* x. 

When the atmospheric engine is set to work, 
the boiler must be filled rather more than half full 
of water, and the steam having attained a pressure 
of about one pound on each square inch of the 
boiler, the pump-rods will preponderate, and the 
piston be drawn to the top of the cylinder. In a 
few moments the elastic vapour will be seen to 
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isstre from the snifting-valve t», and the communi¬ 
cation with the boiler being then closed, the injec¬ 
tion water must be admitted, which condenses the 
steam, and of course forms a vacuum beneath the 
piston. The downwanl pressure of the atmo¬ 
spherebeing now unbalanced by any resisting me¬ 
dium beneath, acts upon the piston with a force 
proportioned to its diameter, and it is made to 
descend with considerable velocity, at the same 
time raising the pump-rods h w connected with 
the opposite end of the beam. 

In adjusting the working beam, it is necessary 
to allow the end connectc<l with the pump-rofls to 
preponderate, and this is accomplished by means 
of a moveable counter-weight. When an engine 
is erected on a mine, where the depth of the shaft 
is continually increasing, the quantity of water 
first lifted by the pumps being small, the engine 
must work slow, and the counter-weight be in 
proportion, allowance being made for the light¬ 
ness of the pump-rods, which increase in weight 
with th*e progress of the mine. In the early stages, 
however, the injection must be very sparingly ap¬ 
plied, so as to condense imperfectly within the 
cylinder, or the piston will descend with such ve¬ 
locity as to destroy the whole apparatus* 

The boiler of Newcomen’s engine was placed 
immediately beneath the cylinder; but this ar- 
rangement has, in the later engines, been materi¬ 
ally improved the boiler being now detached 
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from ilic engine-room ; and by tliis plan a consider¬ 
able saving in the height of the engine-house is 
also effected. 

We have already stated lliat Mr. Watt's great 
improvement consisted in condensing the steam 
in a separate vessel : the internal part of the 
cylinder being kept at the temperature of boiling 
water, so that the continued waste of steam, and 
consequently of fuel, that occurred by forming a 
vacuum beneath the piston in the atmospheric 
engine, was in this case avoided- 

Thc nature of this imj)rovement will be best un- 
<lerstood byrclerence to the Single-iuting Engine^ 
that forms the subject oi PlateWl* in which a repre¬ 
sents the boiler, enclosed in a casing of brick work* 
A, The stcam-pipc, connecting the cylinder c 
with the boiler. 

i . Tlic cylinder, firmly attached to the floor of 
the engine-room by t!ie bolts d rf, and having its 
upper end enclosed by the cap e, through which 
the piston-rod is made to work air-tight* 
f,g* The beam, working on its axis or fulcrum 
at A, the socket in which the axis revolves resting 
on the floor and wall u 

j. The pump-rod, suspended at the end g of 
the working-beam. 

A'. The piston-rod, connected by the parallel 
motion at /with the working-beam /g* 

m* The condensing cistern, containing tlie air- 
pump «, the condenser, and hot-well o : a con- 
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liiuied supply of water being procured by the 
aettoa of the cold water pump/^, while the over¬ 
flow is carried off by a waste pipe to the well so 
that nearly the whole of the external part of the 
apparatus is kept at the same temperature as the 
surrounding atmosphere, 
r. and s. The upper and'iowcr steam-valves. 

/. The exhaustion-valve, 
r. The plug-beam, furnished with pins to give 
motion to the levers acting on the valves r.v /, 
w. Pump, to raise water from the hot-well o to 
supply the boiler, which is effected by tlie pipe 
M’, the small cistern x being provided with a valve 
and lever furnished wdth a wire passing down to 
tlie boiler at y. The lower end of the wire is at- 
tached^to a weight, which by its descent opens the 
steel-yard valve, and allows the a^lmission of an 
additional supply of water when evaporation ren¬ 
ders it necessary. 

jr. The man-hole, or aperture, formed in the 
top of the boiler, by opening the cap of winch the 
necessary clearing and repairs are effected. 

The single-acting engine (to which we have 
thus briefly referred) is merely employed to raise 
water; the steam acting above the piston, while a 
vacuum is formed beneath. A more minute de¬ 
scription of the very compact double-acting engine 
of Messrs. Fenton, Murra)% and Wood, will best 
serve to explain the internal mechanism and 
mode of working one of these gigantic machines. 
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Before, however, we proceed to an czaoiination 
of its internal mechanism, it may be advisable to 
take a brief view of the general arrangement of 
its parts as exhibited in an engine of twenty-horse 
power erected at Leeds. 

PlatelW. AAA. Foundation walls and masonry 
of tlie building on whi£]] the engine is erected. 

B. The steam-cylinder, enclosed in a jacket or 
casing of cast iron, to exclude the atmospheric air 
from the cylinder, which is thus kept at the tem¬ 
perature of boiling water. 

CC. The pij)c which conducts the steam from 
tlic boiler to the valvc-tubc DD. 

£E. The cduction-pipc leading to the con¬ 
denser F. 

• G. The air-pump, which with the condenser F 
is immersed in the cold water cistern H. 

I. The cold water pump, which supplies the 
cistern II by the pipe J. 

K. The hot water pump, furnished wdth the 
piston-rod P, the upper part of which is connect¬ 
ed with the working-beam at Q, so that at each 
elevation of the beam k quantity of hot water is 
furnished to supply the waste by evaporation. 

L. The piston-rod, connected with the parallel 
motion MM. 

NO. Two rods, attached to the opposite ends 
of the working-beam, and connected with the air 
and cold water pumps IG. 

Q. The working-beam, supported by the cast- 
iron rohimn R. 
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S. Tlie connccting-rcxl, the lower part of which 
is attached to the crank T, while the other is ele¬ 
vated or depressed by the alternate motion of the 
working-beam* 

U. A spur-wheel, attached to the crank-sliatl, 
and working in a pinion V, by wiiich it gives mo¬ 
tion to the Hv-wheel W. 

XYZ. rhrec beveled wheels; the first of which 
is attached to the crank-shaft, and by the inter¬ 
mediate wheel and shaft gives motion to the third, 
which by a concentric roller moves the valves. 

The parts of the engine w'c have thus briefly 
noticed, differ but little from the ordinary double- 
acting engine of Messrs. Boulton and Watt; and 
it w^ill be necessary to refer to tlic enlarged scale 
on the following plate for a more accurate descrip¬ 
tion of the working of the valves, &c. 

Plate V. Fig. I and 2, represent sections 
of the steam-pipes, valves, and communicating 
rorls. 

C. The steam-pipe, furnished with a throttle- 
valve at fl, to regulate the supply of steam to the 
engine. This is effected by the action of the 
Icveni, and connecting-rod c, which commiini- 
cates the action of the governorg to the valve a ; 
while a rotatory motion is communicated to the 
axis of the governor, by means of a band passing 
from a pulley on the crank-sludi to a similar pul¬ 
ley on tjjc axis of the governor. 

e. e. Two bent levers passing through a slit in 
the middle of the spindle, and turning upon an 
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axis at/. The upper part of the spiudlc is fur- 
nisiied with a socket A, which is allowed to ascend 
w hen the centrifii^^al force of the governor in¬ 
creases, Should, however, its motion decrease, 
the bails / will descend, while the socket k will 
ascend, and with it the lever L 

(, A rod connecting tlie levers / and A, which 
by their joint action communicate the motion of 
the governor to the throttle-valve so that when 
the engine is at rest the bails jj will also be rest- 
ing against the arms k A, the upper end of the 
levers e c will be brought nearer to each other, 
and the rod c being raised, the throttle-valve will 
be turned in a horizontal direction, thus allow¬ 
ing a large portion of steam to pass through the 
pipe C. 

Dl). A pipe connecting tlic top and bottom of 
the cylinder with the throttle-valve a, 

E, The eduction-pipe, passing down to the 
condenser. 

The valves n o have each a cylindrical tube or 
spindle passing through the stuffing-boxes r and 
to tiie upper end of which are screwed tw'O other 
stuffing-boxes / and w, so that both valves are al¬ 
lowed to slide up or down without permitting the 
steam to pass. 

p, t]. Two other valves similar to- n o, whose 
spindles pass through the stuffing-boxes / u. 

Eig. 2. Is a front view of the two sliding bars 
which are intended to give motion to the valves 
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nop q. These bars arc kept in a perpendicular 
direction by the pieces z Zj and the guide L 
In the lower ends of the bars arc two friction roll¬ 
ers 3 3, which arc acted upon by the two eccen¬ 
tric wheels 4 4, and raised and depressed alter¬ 
nately by the upward and downward stroke of the 
engine. 

The horizontal shaft Z derives its motion from 
a similar shaft Y placed at right anglcfl, communi¬ 
cating by means of beveled wheels with the crank¬ 
shaft. 

9, 10,11, and 12, arc four arms, fixed to the 
bars V and ic tr, for the piu|^osc of moving the 
valves, 

13. A lever or handle revolving upon a stud 
screwed in the pipe E, which, by its action, is 
made to open and shut the steam-valves when'the 
- engine is first set to work. 

18. A Mercurial or barometer gauge for mca- 
suring the pressure of the steam above or below 
that of the atmosphere. One end of the bare- 
meter-gauge enters the stcam-pipc DD, while the 
other is open to the atmosphere and furnished 
with M gauge. * 

The communication between the barometer- 
gauge an4 Steam-pipe may be closed at plea¬ 
sure by the*stop-cock 19. In the lower or bent 
part of the tube is placed a quantity of mercury, 
and it will be evident that upon opening the cock 
19, tke^ pressure of the steam endeavouring to 
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pass by the pipe DD, will be counterbalanced by 
the tTrcssuFe of the atmosphere. Should} how¬ 
ever, the elasticity of the steam exceed that of the 
atmosphere, the mercury will be raised in the 
outer leg of the gauge, and the difTereocc in the 
altitude of the two columns will show the working 
power of the steam. When the altitude of the 
column 18 exceeds* that of 19 two inches, the 
pressure of the steam will exceed that of the at¬ 
mosphere nearly one pound per square inch. 

A nearly similar instrument is also employed 
to ascertain the degree of rarefaction in the con¬ 
denser. It consists a bent iron tube 21, the low¬ 
er end of which opens to the condenser. The nfer- 
cury is poured into the tube at the open end 25, 
and the stop-cock 22 being opened, the mercurial 
column at 23 will be depressed, while that on the 
opposite side will be raised in a proportionate 
degree. This effect is produced by th^vacuum 
ibrmed in the condenser. If the condenser and 
air-pump arc in good order, the mercury will 
descend about fourteen or fifteen inches, which 
will indicate a pressure of so many pounds upon 
the square kich. So that if we refer to the.^two 
gauges, it will be found that the total amount of 
power, or acting force upon the pisfon, will be re¬ 
presented by the difference in the altitude of the 
two mercurial columns added together. 

To put the engine in action, the fly-wheel W, 
Plate IV. must be turned dll the crank T is la 
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a horizontal direction, when the piston will be 
in the middle of the cylinder B, and the eccentric 
wheel 4 on the upper side of the shaft Z. The bar 
trie, will also be raised, together with the valves o 
and />, and the handle 13 being turned, a passage 
will be o]>cncd for the steam to blow from the pipe 
C, and thus expel the atmospheric air, which pre¬ 
viously filled the different -parts of the engine. 
When this is effected, and the temperature of the 
engine raised, the lever 13 must be turned to its 
original situation ; the bur r r, together with its 
valves, will descend, and the steam will be shut 
off from the upper side of the cylinder; while, 
at*thc same lime, the passage will be stopped be¬ 
tween the under side of the piston and the con¬ 
denser. The injection-cock must now be opened, 
which will admit a small jet of cold water into the 
condenser, and a vacuum w ill be formed above 
the piston, while the steam is entering beneath 
w?ith a pressure equal to or greater than that of the 
atmosphere. 

The piston*rod being thus made to ascend in 
the cylinder, the opposite end of the beam Q will 
be depressed in a proportionate degree, and the 
rod S, as well as the crank T, will also descend, 
and a rotatory motion be produced. The fly¬ 
wheel will also have acquired a sufficient degree^i 
of momentum to carry the crank past the perpeir^ 
dicular, and the piston will have arrived at the 
top of the cylinder % the situation of the valves 
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being reversed by the actk>n of the excentric 
wheels, and a continuous motion is thus produced. 

The High-prejtsuf^ Engine^ in its most simple 
form, may easily be described by reference to the 
following diagram. 



The cylinder A is furnished with a piston aid 
rod B, the latter being made to fit air-tight in a 
stuihng-box at the top of the cylinder. A four* 
way cock C is also .^ovided for the admission 

of highly plastic vapour, and its subsequent dis- 

■ 1 . 

charge intd the atmosphere. The action of the 
four-way cock will be best understood by the sec¬ 
tion D i in which E represents the waste-pipe con¬ 
nected with the chimney, while two other aper¬ 
tures serve to convey the steam alternately to the 
upper and under side of the piston^ and a third 
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communicates with the steam-boiler. So that if 
we suppose the piston to be in an ascemling di¬ 
rection, and the steam of course entering the 
cylinder beneath, a communication will at the 
same time be formed between the upper side of 
the piston and the atmosphere, while the steam 
that had previously been employed to depress the 
piston is now allowed to escape. When the piston 
has reached the top of the cylinder, the cock is 
turned, and its action reversed, the steam now 
entering above the piston, while a communication 
is formed for its escape beneath. 

The remaining parts of the fiigh-pressure en¬ 
gine, as constructed llH' Messrs. TrcviUuck, may 
veiy easily be understood. The boiler consists of 
a large cylinder of cast iron, made very strong, 
and placed with its axis horizontally upon sliort 
feet or pillars of cast iron ; the boiler has a flanch 
at one of its ends to screw on the end or cover, 
w\ich has the requisite openings for the fire-door, 
the man-hole, the exit for the smoke, and the 
gaugc-eocks. The fire is contained withiii the 
boiler in a cylindrical tube <tf wrought iron, whicli 
is surrounded with water on all sides ; one end of 
this tube is attaclied to the end or cover of the 
toiler, and is divided into tw^o parts by having 
the fire-grate extended across it ; the fire-door 
^k>ses the opening in the upper half, which is the 
fire-place, ^he lower half forming the ash-pit j the 
tobe extends nearly to the end of the bbiier, where 
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it is reduced in size, then doubles, and returns 
back in a direction parallel to the first tube 
or fire-place, to form the flue, till it arrives at the 
end of tlie boiler, through which it passes at the 
side of the fire-door, and it is then conducted from 
it into the chimney, thus carrying off the smoke- 
At the part where the flue enters the chimney, 
is a small door to remove any soot that may have 
accumulated. On the top of the boiler is a safety- 
valve, kept down by a lever and weight, to allow 
the steam to escape in case it becomes so strong 
as to endanger the bursting of the boiler. The 
^cylinder of the cifgine stands in a perpendicular 
direction, and is enclosed within the boiler, except 
a few inches of its upper end, at which the four- ' 
})assaged cock is situate, and the fianch w'hicli 
screws on the lid, with the stuffing-box for the 
piston-rod to pass tlirough. The boiler has a pro¬ 
jecting neck, into w'hich the cylinder is received, 
aiKl It is fastened inTts place by a flanch roun5 
the upper end of the neck of the boiler, which ia 
united by screws to a similar flanch project¬ 
ing from the cylinder. The upper end of the 
piston-rod is fastened' to the middle of a cross¬ 
bar, which is placed in a direction riglit 
angles to the length of the boiler, and guidc<^ 
in its ascending and descending motion, by 
sliding between two perpendicular iron rods, fixed^ 
to the boiler, parallel to each other, being con-' 
uected together at top, and firmly supported there 
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by two diagonal stays extending from the other end 
of the boiler, and secured to the flanch, which 
screws on the end of the boiler. At the endsofthe 
cross bar of the piston-rod, the two connecting- 
rods are jointed. and the lower ends of them are 
connected with two cranks, ii\cd upon an axis, 
extending across beneath the boiler, and under 
the centre of the cylinder ; the axis is supported 
in bearings made in the legs which support the 
boiler, and the fly-wheel is fixed in it. One of 
the cranks is tbrmcd by a pin, which is fixed into 
the arm of the fly-wheel at the same radius as 
the opposite crank. The fly-wheel is situate 
close, to the side of tlic boiler, and the pin for the 
other crank is fixed into the arm of a large cog¬ 
wheel, fixed on the axis of the fly-wheel at the 
opposite side of the boiler. This cog-wheel com¬ 
municates the power oj the engine to other cog¬ 
wheels. As the piston is alternately forced up 
and down by the pressure of the steam, it carries 
the cross-bar with it, and by the connectmg-rod 
ns rite two cranks, together with tlic fly-wheel, 
other connecting machinery. 

The Double -cylinder Expansion Engine^ con- 
^ruoted^y Mr. Woolf^ possesses omiderable ad¬ 
vantages over that invented by Mr. Hornblower, 
with whom, it appears, the idea of constructing an 
«t.i^gine with two cylinders originated: the only 
however, in Mr. Woolf's engine,consists 
in tht application of high^'pressure steam, and in 
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the proportioning of the cylinders to the elasticity 
of the vapour employed. Having already explain¬ 
ed the principle upon which Mr. Woolf ’s engine 
is constructed, it may be enough for our pre¬ 
sent purpose to describe its action, with reference 
to the annexed diagram. 



A and B represent the two cylinders, in the 
larger of which the steam is allowed to expand 
itself, after passing from B. The steam,..which in 
the first instance is of considerable elasticity, is 
admitted to the cylinder B, by the tub6 and valve 
6, and entering the cylinder above t^e piston 3,, 
impels it to the bottom. When this is effected,* 
a communication is opened between tlie uppi^ 
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psirt of the cylinder B, and the under side of the 
piston 4, in the larger cylinder. The commu¬ 
nication between* the cylinder B and the steam- 
pipe 6, is now reversed, and the steam is made to 
press on the under side of the piston 3 *, a com¬ 
munication being at the same time formed be¬ 
tween the upper part of the cylinder A, and the 
pipe leading to the condenser 5. So that if wc 
suppose the pistons 3 and 4 connected by means 
of their rods with one end of an ordinary working 
beam, tlic upward and downward strokes of each 
. will be performed at the same time. 

We have hitherto considered the steam as pass¬ 
ing ^ircQt from the boiler to ti»c cylinder H ; 
thiai however, is in reality edected by a more 
circuitous route, as it is in the first instance ad¬ 
ored to the stcam-casc of the larger cylinder, 
bytliffpipc 1, and passing round a similar case, 
encircling the cylinder B, it is then made to enter 
the cylinder by the tube 6. The pipe at Fig. 2. 
is merely intended to form a communication for 
calN-ying back to the boiler any water that may 
be produced by condensation in the steam-case, 
betbre the engine arrives at a proper tfcmperature 
for working. 

Having desciibed the nature of Mr. Woolf’s 
en^ne,-it may now be advisable to examine the 
hy wt)tch he proposed to generate steam of 
aMifSctent elasticity for the use of the small cylinder, 
requires vaiK)ur of great expansive force. 



General Desertion. 167 

The boiler represented by the diagram beneath, 
consists of a scries of tubes of cast iron, connect¬ 
ed by screw-bolts with the under side of a larger 
vessel, or magazine of the same material. This is 
furnished with lour, and in some cases with five 
Jiperturcs; tlie first of* which, A, is intended for 
the admission of water, to supply the waste which 
continually arises from evaporation, which is effect¬ 
ed by means of a small forcing-pump, as it will be 
evident that the column must be carried to a con- 
siderablc height, before its weight can so far over¬ 
come the resistance of the steam within the tube, 
to allow of its entering by the ordinary method. 



Mr. Woolf usually employs »two safety-valves 
which arc placed at B, while C represents the 
man-hole, and D the pipe by which the steam is 
conveyed to the engine. 


^ These, as well us the flanches, ant) other steam-tight 
inffs of a pennaneut nature, are usually connected by scriw- 



In Mr. Wooif’s«pecificatton»ft metlipd is point¬ 
ed out for applying this plan to the lK>ilers of 
steam engines already in use, by placing,.! ^ries 
of cylinders beneath the present boilers, and con¬ 
necting them with each other, and with the boiler 
above. The tubes may be made of any kind of 
metal, but cast iron is the most convenient; their 
size may also be varied, but in every case care 
should be taken not to make the diameter too 
large ; for it must be remetabered, that the larger 
the diameter of any single tube is in such a boiler, 
tbestrongcr it must be made in proportion, to ena¬ 
ble it to bear the same expansive force of steam as 
the smaller cylinders.* It*is not essential, howv 
ever, to the invention, that the tubes should be 
of different sizes i but tl)C upper cylinders, and 
mpre especially the one which is called the stcam- 
cylinder, should be larger than the lower ones, it 
being the reservoir, as it were, into which the 
lower ones empty themselves. 

bolts null; a sheet of woollen or linen cloth coated with 
cement, being first introduced to unite the intervening surfaces. 
The cement best adapted for this purpose, fW>m its durability 
and power of withstanding the action of steam, may be tfaos pre- 
imwdTake two odnees c»f sal ammoniac, one ounce of flour of 
•ulphur, and sixieaa ounces of cast-iixHi filings; these, after 
bdfig well mixed in a mortar, must be placed in a dry situation, 
and when wanted for use one port of the above mixture must 

I • ^ 

bn hdended with twenty parts of clean filings, and saturated with 
water. On being applied to the joint it will shortly be* 

4 

come ns hard sb the metallic surface on which it js placed* 


. The ^oWin^ < general directiras are given 
respecting the quantity of water to be kept in a 
boiler of this construction ; viz. it ought always 
to fill, not only the whole of the lower tubes, but 
diso the great steani'Cylinder, A, to about half its 
diameter, that is, as high as the fire is allowed to 
reach. And in no case should it be allowed to 
get so low as not to keep the vertical necks, or 
branches which join the smaller cylinders to the 
great cylinder, full of water, for the fire is only 
beneficially employed when applied, through the 
medium of the interposed metal, to water, to con¬ 
vert it into steam ; and indeed, the purpose of 
the boiler would in some measure be defeated, 
if any of the parts of the tubes tints exposed 
to the direct action of the fire; should present 
a surface of steam instead of water, to receive 
the transmitted heat; this, however, must, more 
or less, be the case whenever the lower tubes, 
and even a pait of the upper, are not kept filled 
with the water. 

Respecting the furnace for this kind of boiler, 
it should always be so built as to give a long and 
waving course to the flame and heated air, so 
that they may, in the most efiTectual manner^; 
strike against the sides of t^^e tubes which com^ 
pose the boiler, and so give out the greatest 
possible portion of their heat before they reach 
the chimney; unless this be attended to, there 
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wiU be a much greater waste of fuel tban ne 
cessary, and the heat communicated to the con¬ 
tents of the boiler will be less from a giver 
quantity of fuel, 

Mr. Maiidslay, in his Portable Engine^ dis¬ 
penses with the beam usually employed fur con¬ 
necting the fly-wheel crank with the piston-rod ; 
and,* in this respect, as well as in tiic working 
of the valves, his engine materially diflers from 
those w'e have already described. 

Plate V. Fig, 1. Front elevation of a ten-horse 
power engine. 

Fig. 2. Longitudinal section of ditto, on the 
centre linc- 

Fig. 3. Eod view of ditto- 

A. Cast-iron frame of the engine. 

B. The cylinder. 

C. The piston, furnished w'ith a rod D, and a 
cross head and socket £. 

F. Guide wheels, which keep the piston and 
rod in a vertical position. 

G. Frame for ditto, in which the wheels FF arc 
made to work. 

H. Side rods, which serve to connect the cross 
^ead £ with the double crank 11. 

I. Two cranks, tP^de to turn in the pluramer- 
:I^Ock, or bearing, JJ, at each side of the frame, 
and to whicli the fly-wheel shaft K is connected 
by a coupling-box or clutch, at the end next the 
engine. 
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K. Fly-wheel shaft, working in a plummer-block 
on the wall. 

L. CoiipHng-box, connecting the engine with 
the fly-wheel shaft. 

M. The fiy-whccl. 

NN. Two excentric wheels, supported by the 
crank-shaft K, the action of which give motion to 
the two beams O and T, by means of the connect¬ 
ing-rods PP. 

(). The beam which works the cold-water 
pump S. 

PP. Two connecting-rods. 

Q. 'fhe double bearing, on which the cold^ 
water pnmp-bcam works. 

K. A rod which serves to connect the bucket 
of the cold-water pump with the beam O. 

S. The barrel of the cold-water pump. 

T. Beam which works the air and hot-water 
pumps, and to which motion is communicated by 
the connecting-rods P, as before described. 

U. The slings which connect the air-pump rod 
to the end of the beam T. 

V. The double bearing, or centre, on which the 
air-pump beam T works. 

W. The air-pump bucket. 

Air-pump cylinder. ^ ■ 

Y. Hot-water pump, worked by a small 

* 

attached to the air-pump beam. 

Z. Feed-pipe, to supply the boiler with hot 
•water. 
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Cross rail on which a guide is fixed to cou- 
fific the air-pump rod in a vertical position. 

b. The condenser. 

c. The cold water cisterns, connected by a 
pipe iL 

e. Eduction pipe, or passage for the steam from 
the cylinder to the condenser. 

/, Injec^on cock, to admit the cold water into 
the condenser. 

g. Foot valve, at the bottom of the air-pump, 
and communicating from thence to the condenser. 

A. Hand gear, tbr_ stopping or starting the en¬ 
gine. 

f. A rod, connecting the hand gear with uii 
excentric A, fixed on the crank-shaft ; the action 
of which communicates a vibratory uiution to the 
rod L 

L Connecting-rod, and double-ended lever w, 
fixed at the extreme end of a spindle, while a be- 
viled wheel is attached to the other; the latter of 
which works the spindle of the steam-cone n. 

o. The steam-cone, or cock, for admitting the 
steam from the boiler to the cylinder; beyond 
which is a contrivance for shutting off the stesun, at 
Ihe half, or any other part of the stroke, by which 
ia jrety considerable saving in the steam, and con- 
sfqpiently in the fuel, is effected. 

It will very readily be seen, that the cone em- 
^yed in this engine, for regulating the,^^|^age 
of the steam fi:om the boiler to tb^liifiitidosiOTfiers 


m 
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very mtterudly from the valves in Messrs* Mur¬ 
ray and Wood's engine, and a slight examination 
of the sectional view in PlateY, will shew that the 
greater degree of friction that must of necessity 
attend the Ibrmer contrivance, is more than com¬ 
pensated by its superior tigidness and simpli¬ 
city. V 

A. represents an end view of the c^inder and 
steam-conc. 

B. Side view of ditto. 

C. Plan of ditto, taken at the horizontal lineD. 

E. Steam-pipe. 

F. Pipe, communicating with the condenser. 

G. Stcam-cone, ground into its scat, and con¬ 
nected with the grease-cup H, by the means of 
which a regular sujjply of oil is furnished. 

I. Plan of the steam-cone and passages, by 
which a communication is-alternately opened be¬ 
tween the steam-pipe and the upper end of the 
cylinder, and the condenser and the lower end of 
the cylinder, and vice versa. * 

When we consider the reciprocating steam en¬ 
gine in its present moat improved state, botlrwitli 
respect to the admirable expedients for adapting 
it to the end proposed, and the skill displayed in 
the worknmnship, we may almost venture to con¬ 
clude that it has reached its utmost degree of per¬ 
fection ; and yet it must be acknowledged, that 
it absorbs nearly half the power of the steam 
employed in fnction, and in alternating its 
movements. This fact will be apparent^} cal- 
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culating wiiat pressure on the piston eX # fccipro- 
cating condensing engine, would be required lo 
produce its nominal power ; and it will be gene¬ 
rally found, that (with the common speed) this will 
be obtained by accounting only from six to seven 
pounds pressure, per square inch, on the piston 
small power engines v seven to eight pounds as to 
engines of from ten to thirty-horse powers 5 and 
from eight to nine pounds as to engines of larger 
])ower 8 , though the actual pressure on the piston 
is nearly sixteen pounds. 

AVe have seen, that steam engines were, in the 
first instance, used for raising water, for wliich 
purpose the alternating motion of the beam is well 
adapted ; at present, however, by far the greater 
number of rccsprocating steam engines arc re- 
quired to impart a rotatory motion to the ma¬ 
chinery attaclied to them. 

The loss of power, to which we have already 
alluded^ together with the expense of the con¬ 
struction of tlie reciprocating ciigine, have induced 
numerous attempts to invent an engine imparting 
a rotatory motion in the first instance; and the re¬ 
cent application of this prime, mover to the pur¬ 
poses of navigation, has also acted as an additional 
fl^ulus to the attainment of so desirable an ob- 
ji^etythe inconveniences of a reciprocating engine 
besog most sensibly felt in steam-vessels. Hither- 
toi however, those attempts have been attended 
partial success; for though many patent 
inv^mns have come under our observation, the 
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attached to this work, they have altogether ^died 
ia attaining any decided superiority over i the 
reciprocating engine, either from excessive fric# 
tion, or the expense and nicety of workmanship 
required botli in their construction and repairs. 

Those difficulties appear *to be obviated in 
Messrs. Masterman's Rotator}/ ifi a mucli 

greater degree than in any other that has come to 
our knowledge ; the entire friction of one of those 
engines (without a condenser) having been proved, 
from actual experiment, not to exceed half a 
pound per square inch on the valves; the expense 
of construction being very considerably less than 
that of reciprocating engines, particularly in the 
larger powers, and the extraordinary simplicity of 
its parts securing it from almost any expense for 
repairs. 

For steam navigation it appears admirably 
adapted, and when used with mercury instead of 
water, combines, in an eminent decree, economy 
of space and fuel; and this, in the latter case, it 
will be evident must be very considerable, on ac¬ 
count of the almost total absence of friction, 
PlateVll. Fig. 1. is a vertical and central sec¬ 
tion of the revolving part of the engine, called 
trokc, which is composed of a centre a, called 
the nucleus, of six hollow arms 1 to 6, calld^ 
radii, and of a hollow ring ec, called the annulus^ 
Fig, 3. represents the nucleus^ one end m is a 
.perfect circular plane, cali^ the face j six 
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ft^dkeetidn Wilir^the axis «, until half v^ay 

tfri^ugb the nucleus^ than, assuming a direction at 
r^ht angles with tfie^^xis, they open in the peti^ 
phery of the nucleus^ '' 

^ >The axis passes through the centre of the nu¬ 
cleus,At right angles to the plane of the ftce. 
Tht aimulus consists of six equal parts, in each of 
which it fixed a steam-tiglit valve, exactly simslil^j^ 
imd tuning in the same direction by n hinge 
placed in the side of the annulus nearest the axis. 

V * The rods which form the hinges of the valves, 
through stuffing-boxes in the side of the 


annulus; and on each of these projections is 
placed a lever, at such an angle with Uie valve as 
to point to the axis when the valve is>half open ^ 
end at the extremity of each lever is a wdght rf, 
jnorethan sufficient to counterpoise the weight of 
fhte valve againrt^hich it acts. In the side of 
the annulus nearesrf^e axis, are six holes at equal 
distances from each other; these holes are con¬ 
victed trith the boles opening ih the periphery of 
ibb by means of the hollow radii 1 to6, 

a steam-tight comtaumcation be- 
'ea^ bole in the &ce and the inside of the 



a «(fctidta of a oioul |date or m^ab, 
is diata«iter whb the fiuas, bavqig' 

the centre of the mask is a . circular 




hole e to ^tii^;t|ie etui of the axui*tho 
surrounding {his hole there are tbro^yiHber^bolesy 
Pf if and L The holes iand / are each of such d’* 
mensions as to extend over one of the holes mtbe 
face and the adjoining space; and the space in 
mask between the holes i and I is of such dimen¬ 
sions, as just to coyer completely one of the holes 
in the /ace. 

The holes p i and I terminate in lateral aper¬ 
tures, aS'represented in Fig. 5, The bole I is con¬ 
nected witli the boiler by a steam-pipe; the hole 
/ with the condenser, if one be used, or dischargea 
the steam into the air. To the hole/^is iixed a 
peq^endicular pipe, rising above the level of the 
troke.' 

The mask does not revolve, but is kept closely 
pressed against the face by means of the nuts and 
rings. Fig. 6. which are fixed on the end of the axis 
e; and it is maintained in such a position, that the 
space between I and % is just above the level of the 
centre of the troke, and on'^the side of the axis 
nearest the closed valve in Fig. 1* 

Fig. 2. is a section on the plane of the axis of 
the troke mounted on its axis, togetlier with thq 
mask applied to the face, and of a reservoir & at 
the top of the pipe A, for supplying the interior 
the annulus with wqter. To the end of tlie sefis 
farthest Aom the face, the machinery to which ^ 
is proposed to impart motion is affixed. . 

'Fhe engine is workied by steam an^, y^ate r 
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ed with water, either admitted cold, and heated by 
Mifiering the steam to flow into it through the pipe 
e, or admitted in a heated state from the boiler. 
On the steam \*a1vc being opened, the steam enters 
the bole / in the mask, Fig. 4. through the pipe /, 
Fig. 5. and passes thence through the hole in the 
face which happens to be opposite to the aperture 
in the mask, and enters the annulus; then rising 
through the water, it is stopped by the “valve rf, 
immediately above the radius by which it entered, 
which will then be closed. The steam resisted by 
the valve, acts against the surface of the water be¬ 
low it, and pressing it downwards, proportionably 
raises it on the opposite side of the annulus, until 
the pressure of the cohimn of water acting against 
the closed valve, through the medium of the steam, 
is sufficient to overcome the resistance- The troke 
is now made to revolve, and, as it revolves, each of 
the holes in the face communicates in succession 
with the hole and, by this construction, onfe cn- 
tire hole in the fece, or parts of two equal in propor¬ 
tion to one, is always in communication with the 
hole 1;* so that there is a continual flow of steam 
into the annulus, causing the water, through its me¬ 
dium, to exert a edn^nt and uniform pressure on 
' t^fe^Valves as they ascend. The ludes in the fiice, 
as they pass in succession from the hole / to the hole 
fa st'd entirely closed by the ^ace betwowithem; 
ind, immediately on Commoinfeating with the hole 



i, the steam iw^es fixMi) the atuiulus? through that 
hole into the coiHlenser* or into the air; and the 

•ft 

pressure of steam being thus removed from the 
valves, they will ofieu by the gravity of the weights 
df as they begin to descend, and ttius allow the 
column of water to remain on that side of the an¬ 
nulus. Thus a uniform rotatory motion is produced 
and maintained as long as the steam continues to 
flow into the annulus, and acting with a force pro¬ 
portionate to the diflercnce of level in the water* 

In Fig. 1. the troke is represented as revolving, 
and the steam flowing into the aunulus, through the 
radius b 1; / represents the steam^in the annulus 
between the closed valve and the depressed sur¬ 
face of the water; g the water raised on the oppo¬ 
site side of the annulus, while the remaining or 
darkest part of the annulus is where the valve 
and the upper surface of die water are relieved 
from pressure, the steam having discharged itself 
through b 6* 

The steam may be admitted through a radius 
more or less horizontal, according as the column 
of water is higher or lower, by means of an ii^ncr 
mask, which changes its position ^ the closing spot 
of the valves may also be regulated accordingly, 
by means of catches acting on their levers. The 
troke is of cast iron, and, to prevent condensa¬ 
tion, it is enclosed in a steam-tight case. 

From this brief examioirtion of Messrs. Master- 
man’s engine, it will, we think, be apparent;.that 
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the troke alone performs the united function of 
cylinder, piston, beam, crank, and fly-wheel; thus 
ensuring a decided superiority over the recipro¬ 
cating engine. 

Tile advantages resulting from the use of steam 
engines have, in some cases, been considered as 
fully equipoised by the smoke and noxious effluvia 
which proceed from their capacious vomitories; 
and this, in large manufacturing towns, is indeed 
an evil of some importance, to obviate which a 
variety of contrivances liave been suggested. 

The first attempt at consuming smoke, appears 
to have been made by M. Dalcsme, a French en¬ 
gineer, who exhibited a contrivance of this de¬ 
scription at the Fair of St. Germain’s in 16H.5.* In 
1785 Mr. Watt obtained a patent for the construc¬ 
tion of an economical furnace, which not only con¬ 
sumed the smoke, but employed it as an useful 
auxiliary in increasing the heat. To understand 
this it will be necessary to observe, that the dense 
smoke which is usually discharged at the lop of 
the clumney, is in fact, so much goo<l fuel, which 
requires but a sufficient supply of oxygen to render 
it fit for combustion. 

Mr. Watt accomplished this in his early engines 
byr^stopping up every avenue to the chimney, ex- 
cej^ such as might be left in the interstices of the 
ignited fuel, and tlie smoke from the fresh coal was 

^ Vide. Transactions of the Royal Society, vol- xvi. j». 7H. 
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consumed by passing through tlie burning fuel or 
coke. 

A variety of improvements have-^'since been 
introduced, an account of which will be found in 
Appendix (u,) and wc shall content burselves^^’in 
the present instance, with briefly noticing those 
that appear best calculated to answer thei» in¬ 
tended purpose, 

Mr. Roberton’s plan is nearly similar to that em¬ 
ployed by Ml*. Watt- The opening through which 
the fuel is introduced into the furnace is shaped 
like a iioppcr, from the mouth or entrance of which 
it inclines downward to the place where the fire 
rests on the bottom grate. The fresh coals contain¬ 
ed in the hopper answer tiic purpose of afire-door, 
and the principal point to be attended to in the 
management of this furnace is, that the hopper 
shall be so filled with small coal as to prevent as 
much as possible the passage of atmospheric air by 
the hopper. Beneath the lower part of the hopper 
the furnace is provided with front bars, which serve 
to admit air among the fuel which is undergoing 
tlic process of coking in the lower part of the hopper, 
and at the same time oilers a ready mode of forcing 
the ignited fuel thus deprived of its smoke upon tbe 
centre of the burning mass, where it is completdy 
consumed, while an additional supply of fresh coal 
falls down the hopper to supply its place. By this 
urrangciueut, and the judicious admission of a thin 
stratum of fresh air, by a valve placed near the 
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tBOuth of the hq^er, the quantity of amoke is 
considerably reduced, the whole of the fuel being 
brought into a state of ignition before it has ar¬ 
rived at the middle of the burning mass, and a 
siffiicient supply of oxygen is furnished by the air- 
valve for the purpose of combusriqn. 

Sir William Congreve’s invention consists in the 
application of chalk, or any other calcareous sub¬ 
stance convertible into lime by means of heat, 
auxiliaries to the ordinary, articles of fuel. This 
is effected by converting the lurnucc into a species 
of lime-kiln, in which the mass of heated coal is 
employed not only to heat the boiler, but calcine 
a large quantity of the above substance ; tlius con¬ 
centrating and keeping in action a most powerful 
heat in aid of the ordinary operation of tlie fuel. 

The following is the substance of a series of ex¬ 
periments and calculations, made in the Royal La- 
boratory at Woolwich, which serve to^ ^hew tlic 
great advantages attendant on the adop^fon of this 
method. 

Thirty gallons of water were evaporated in seven 
hours by half a bushel of coal, weighing forty-two 
pounds, calcining at the same time one bushel and 
a half of lime. Thirty-four gallons of water were 
afterwards evaporated in the same time, without 
burning the lime, and required one bushel and a 
half, or 126 pounds of coal. These experiments 
were afterwards repeated, and the same results 
obtained. 





description. 

It appears therefore, from these trials^ that half 
a bushel of coal, with lime, generates very nearly 
the same quantity of steam as one bushel and a 
half without the lime. This however may be 
better illustrated by the following statement' of 
the comparative expense- 

■ *. cf. 

rtrtt experiment ,—Half a bushel of coal.. O 7 

One bushel anti a half of chalk ». O !2 

O 9 

Second experiment,^One bushel and a half of coal.. 19 

In the first experiment the lime produced by 
this species of burning may fairly be averaged at 
nine pence, so that, compared with the present 
mode, the saving on evaporating thirty gallons of 
water by means of the chalk, where a ready mode 
of disposing of the lime can be devised, is nearly 
I 5 . O'/, or the total expense of the fuel. 

Mr. Parkes employs an air-valve, somewhat si¬ 
milar to that of Mr. Roberton, though placed in a 
dificrent part of the furnace j and either of these 
plans, if properly managed by the firc-man, would 
tiilly answer the end for which they were intended; 
but unfortunately this requires a degree of mecha¬ 
nical skill and attention seldom found in this class of 
persons; and though the nuisance may be abated 
for a short time, or while the engine is under the 
immediate superintendance of the engineer, no 
very permanent benefit has yet been found to ac¬ 
crue. To remedy this, Mr. Brunton proposes to 
employ a mechanical apparatus completely beyond 
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the control of tljc attendant, whose attention may 
in this case be almost entirely dispensed with. In 
Mr. Brunton's furnace the grate bars arc made to 
revolve in an horizontal direction beneath the 
boiler, by which means the heat is uniformly dis¬ 
tributed over the whole of its lower surface, and 
a regular supply of coal is furnished from a hop¬ 
per above. 

To effect this the axis upon wliicli tlic grate 
turns is connected with the steam engine itself; 
and for a boiler of five feet diameter, it is made io 
perform about one revolution per minute. Every 
time it arrives at a certain point, the channel from 
the coal hopper is opened; and in order to pre¬ 
vent the air trom passing down tliroiigh the coal, 
the patentee in his specification describes a rim, 
upon which the regulator is intendc{l to lay, de¬ 
scending into a trough for the purpose of forming 
a water or sand valve. 'I’hcrc is also a regulator 
to the feeder, connected with the damper, so that 
if the bwlcr become too hot, or the pressure of the 
Steam increase, the quantity of coal supplied siiouid 
be diminished in a proportionate degree. The 
nature of this very ingenious apparatus will how¬ 
ever be more fully understood by a reference to 
the improved furnace, &c. erected at Messrs. Smith 
and Liptrap’s distillery, Whitechapel. 

Plate VIII. AA. Waggon boilers, to which the 
supplementary boilers BB arc attaclied; the small¬ 
er or suppl<!^^entary boilers being placed immedi- 
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ately over the fire, while the larger boilers derive 
an additional supply of heat from the passage of 
the chimney C. 

D. Chimney doors. 

EEE- Hoppers by which the coal boxes FFF 
are supplied with fuel. 

FFF. Coal boxes furnished with sliding plates, 
through the openings of which the coals arc al¬ 
lowed to fall on the ignited fuel. 

GGGG, Steam-pipes joining the w'aggon and 
supplementary boilers, 

H. Furnace door attached to the supplementary 
boiler by a cement joint. 

II. Doors opening into the air-flues, to assist in 
chc combustion of the smoke, and to withdraw the 
dust that may lull over the edge of the fire-grate. 

K. Axis or spindle upon which the grate is 
made to revolve ; the motion being communicated 
direct from the engine by the pinion and wheels L. 

IM- Foundation plate, in which are formed the 
])ivot holes for the axis K and the upright shaft N, 

O. Feed-pipes of the waggon boilers. 

P. Steam-pipe leading to the engine. 

Q. Pipe communicating with the safety-valve V. 

U. Horizontal shall cominunicating with the 

vertical axis N, and also with the engine by which 
the w’holc apparatus is turned. 

SS. Chains attached to the damper chains, by 
which the lever T is moved, and the wedge U 
made to rise or fall with the damper platCj so that 
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when the steam is in excess, it may diminish the 
supply of coals in proportion to that excess, and 
vice /WAY/. 

V. Safety-valve. 

W. Selt-aeting stop-valve, to prevent the steam 
passing from one boiler to the other when two 
boilers are used. 

♦ 

X. A rod connected with iho lever Y, wdiicfi by 
pressing upon the stop-valve, closes the commu¬ 
nication between the two boilers, wlicn a reduced 
supply of steam is rc(|nircd. 

Z. Gauge pipes to ascertain tlie amount of water 
in the boiler, 

//. Man-hole of waggon boiler, furnished with 
an internal safety-valve Ik 

('. Stone float w^hin liic boiler, 

iL Bridge walls. 

/. Sand trough, in which revolves a thin plate 
attached to the fire grate, to prevent the air ])ass- 
ing in any other way than through the bars. 

//. The fire bricks surrounding the grate bars. 

-r i. A scraper attached to the grate, and, which 
revolving with it, cleans the air-fluc. 

From the above description it will be evident, 
that the great advantage arising from the employ¬ 
ment of this apparatus, consists in an equable sup¬ 
ply of coal, and in the smoke arising from its com¬ 
bustion having to pass over the entire mass of 
burning fuel prior to entering the chimney. By 
tlicse means, the greater part if not the whole of the 
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smoke is consumed; and it will be evident that 
the inflammable materials of whith it is composed, 
will furnisl) an additional supply of valuable fuel, 
which would otherwise be thrown unconsumed 
into the atmosphere. As, however, direct experi- 
ment is the only sure test, by which this, or in¬ 
deed any project, can fairly be tried, wc annex the 
results arising from two experiments; the one 
made at the distillery of Messrs. Liptrap and 
Smith, Whitechapel, London, to whose kindness 
wc are indebted for the means of completing the 
above description, and the other at the Old Union 
Mill, IJirmingham. 


At the Old Union Mill, Nine days experiment. 

Common Furnace consumed - 465 cwt. 

Fire Ucgulator - . - 2j)0 

i'hc Whitechapel Distillery, Eighteen Days experiment. 
Common Furnace consumed - 964 bushels. 

Fire Regulator - - - 194 
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Land Surveyor; elegantly engrav^ in Aquatinta, on 38 Plates, 
Boards, il. xis. 6d* 

The Country Gentleman's Architect, containing a Variety of Designs for 
Farm Houses and Farm Yards of Different Magnitudes, arran|||d on 
the most approved Principles for Arable, Grazing, Feeding and 
Dairy Farms, with Plans and Sections, shewing at large the Construc¬ 
tion of Cottages, Barns, Stables, Feeding Houses, Dairies, Brew- 
house, &c. with Plans for Stables and Dog-kennels, and some De* 
signs for Labourers' Cottages and small Villas. The whole adapted 
tu the Use of Country Gentlemen about to build or to alter. En¬ 
graved on fti Plates, with some General Observations, and full Expla¬ 
nations to each. By R* Lugar* Quarto, il. 5s. in Boards. 

Designs for Stnall Picturesque Cottages, Hmtting Boxes, Park Entrances, 
See. by £. Gyfford, Architect. P.vtl. Engraved in Aquatinta, on 
ao Plates, (^arto, il. is. Boards. 

Designs for Elegant Cottages, and small Villas, calculated for the Com. 
fort and Convenience of Persons of moderate and of ample For¬ 
tune, 
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tune, carefully studied and thrown into Perspective, with General 
Estimates, by E, Gyfford, Architeft. Part II. Engraved in Aqua- 
tinta on z6 Plates, Quartoil. ixs. 6d« boards. 

hints for Dwellings, consisting of Original Designs for Cottages, 
Farm-houses, Villas, &c. plain and ornamental; with Plans 
to each, in which strict Attention is paid to unite Convenience 
and Elegance with Economy. Including some Designs for Town- 
houses. By D. Laing, Architect, and Surveyor. Elegantly en¬ 
graved on 34 Plates in Aquatinta, with appropriate Scenery. 
Quarto, il. 5$. in boards. 

Sketches for Country Houses, Villas, and Kural Dwellings \ calcullted 
for Persons of moderate Income, and for comfortable Retirement. 
Also some Designs for Cottages, which may he constructed of tlie 
simplest Materials j with Plans and general Estimates. By John 
Flaw. Elegantly engraved in Aquatinta on 4a Plates, Quarto, 
il. j IS. 6d. in Boaids. 

Ferme Ornie, or Kural Improvements, a Series of Domestic and Orna¬ 
mental Designs, suited to Parks, Plantations, Rides, Walks, Rivers, 
Farms, &c. consisting of Fences, Paddock House, a Batii, Dug- 
kennels, Pavilions, Farm-yards, Fishing houses, Sporting-Boxes, 
Sliooting-Iodges, Single and Double Cottages, &c. calculated for 
Landscape and Picturesque Effects, By 'John Flaw, Architect, 
Engraved in Aquatinta on 38 Plates, w'ith appropriate Scenery. 
Plans, and Explanations. Quarto. In Boards, il. iis. Cd. 

An Essay on Brttisb Cottage Architecture, exemplified by fourteen 
Designs, with their Plans, &c. on *3 Plates, designed and exe¬ 
cuted by 'James Malton, The Second Edition, with two additional 
Plates, large Quarto, Boards, si. iss. 6d. 

A Collection of Architectural Designs, for Villas, Casinos, Mansions, 
Lodges, and Cottages, from original Diawiiigs, by James 
Randall, Architect, engraved in Aquatinta, on 34 Plates, 

Folio, ^\, izs. 6d. 

* ♦ 

The Architect and Builder's Miscellany, or Pocket Libraiy; containing 
original Picturesque Designs in Architecture, for Cottages, Farm, 
Country, and Town Houses, Public Buildings, Temples, Green- 
Houses, Biidges, Lodges and Gates for Entrances to Parks and 
Pleasure Grounds, Stables, Monumental Tombs, Garden Seals, &c. 
By Charles Middleton, Aichitcct. On 60 Plates, coloured. Octavo, 
ti. IS. bound. , 

Crunden's Convenient and Ornamental Architecture j consisting of Oj igi- 
na! Designs for Plans, Elevations and Sections, beginning with the 
Far m-house, and regularly ascending to the most grand and inagni- 
liccnt Villa j calculated both for Town and Country, with Expla¬ 
nation in Letter-press, and exact Scales. Engraved on 70 Cop¬ 
per-plates, x6s. Boaids. 

A Series of Plans, for Cottages or Habitations for the I.aiourer, either in 
HualMndry or the Mechanic Arts, adapted as well to Towns as 
to the Country. To which is added, an Introduction, containing 

inaity 
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many uiefui Observations on this Clasa of buildingi tendiM to the 
Comfort of the Poor, and Advantage of tlie Builder; with Calcula¬ 
tions of Expenses. By the late Mr, J, Wood, of Bath, Architect; 
A new Edition, corrected to the present Time, with 30 PUtet, large 

4to. il. 'ts. 

Tbi CouTttry GeniUmatCs Arcbittct, in a great Variety of New Desig^ni 
for Cottages, Farm* houses, Country-houses, Villas, IxMiges for 
Park or Garden Entrances, and ornamental wooden Gates, with 
Flans of the Offices belonging to each Design; distributed with 
a strict Attention to Convenience, Elegance and Economy- 
On 31 Quarto Plates. By J, Miller^ Architect- Sewed, los. 6d. 

Essays of tbs London Architectural Society. Octavo, 4 Plates. 7s. 
Boards. Also the Second Part, 4 Plates, 8s. 6d. 

ifii/Vx Essay on the Doric Order, 7 Plates, Imperial Folio, ll. 5s. 
Boards. 

Fitruvius Britannicus, by Campbell, 3 Vols. Folio, 61 . Cs. in Sheets. 

The CotttinuaUon to Campbell, by Woolf and Candon, Vol. 4 and 5, 
lol. 10s. in Sheets. 

Chambers's (Sir William) Treatise on Civil Architecture* 
Chambers's Buildings and Views of Kew Gardens. 

Chambers's Designs for Chinese Buildings, See, 

Chambers's Dissertation on Oriental Gardening, 4to. 9s, 

Gwili on Arches, 8vo. 4 Plates. 6s. 

/Fhrx on Arches, and their abutment Piers, octavo, 19 Plates. tSs. 

Remarks on Theatres, octavo, 3 Plates. 71. 

Atwood on Arches, quarto, Two Parts. Plates. 18s. 

Malt on (fames) Perspective, Quarto, il. is. 

Paine's Plans, Elevations, &c. of Noblemen's Seats, See, folio, % vols. 
Half bound, 81 . 8s. 

The Architectural Antiquities of Athens, by Stuart, 4 vois. of Rome, 
Balbec, Palmyra, Pastum, Ionia, de )a Grece, par Le R^, Sec. Sec, 

The Unedited Antiquities of Attica, by the Society of Dilettanti, 
Folio, elegantly engraved and printed, 9/. 9s. boards. 

Pompeiana, by Cell and Gandy, Octavo, jl. 153. 6d. 
AllasorCsWtyesoi the Antiquities of Pola. Folio. 

Wilkins' Antiquities of Magna Grscia, Sec. Folio. 7!. 7s. 

Wilkins' Translation of V^itruvius, % vols. Quarto, 4I. 4s. 

Neiuton's Translation of Fitruvius, s vols. folio. 

Murphy's Arabian Antiquities oi[ Spain, 100 Plates, large folio. 
Nicholson's Principles of Architeettl^ % vols. 8vo. 3I. 3s. hoards. 
Nichalsisn't Architectural Dictionary, % Vols. 4to 


Tatbam's 
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'/VzMtfw's Etchings of Ancient Ornamental Architecture. loo Plates* 
Folio. 3/. 3s. boards. 

A Trtatiu on Tbuttrilj, including some Experiments on Sound, by G. 
Saunders, Architect* with Plates* 4to. boards* 168. 

Smeaten's Description of the Edystone I/ighthouse* Plates* folio. 

Reports, by y, Smeaton, Civil Engineer* 3 vols. 4to. 4I. 14$. Gd. bds. 

Miscellaneous Papers* 4to. il. is. Boatus. 

- - - on Water Wheels* 8vo. 5 Plates, los. Gd. 

Experienced Millwright. Folio, 44 Plates, al.ss. 

Banks on Mills* octavo* Plates. 10s. 6d. boards. 

Gregory's Treatise on Mechanics* 3 Vols. al. as. 

Hutton's Course of Mathematics. 3 Vols. il. 1 is. 6d. 

Huttons Tracts on Mathematical and Philosophical Subjects* &c. 
3 Vols. 

Papwortb on the Dry Rot, js. 

Randall on the Dry Rot* 3s. 

on the Dry Rot and Forest Trees, quarto, il. 1 is. fid. 

Perronet sur Us Fonts, a Tom. 

Belidor Science des In^enieurt, 4to. New Edition* with new Plates* ficc. 

Belidor,VArchitecture Hydraulique, 4 Tom. Quarto. 

Nouvelle Arch, Hydraulique, par Prony, a Tom. 

Piranesi's Works, complete, a3 Vols. large Folio. 

Rafael's Ornaments of tbs Vatican, 3 Parts* Folio. 

Dictionnaire d'Architecture, Civile, MiUtaire es Navale, par Roland, 
3 Tom. Quarto, with 100 Plates. 

Plans, Coupes, et Elevations des plus belles Bfaisons et des Hotels, Pi 
Petris, et dans Us Environs, avec des Ornement, Folio* 120 
Plates. 

Durand Lemons <tArchitecture, a Tom. 4to. 

Durand Recueilet Parallels des Edifices Anciens et Modernes. 92 very 
large folio Plates. 

Plans, Coupes et Elevations de diverses Productions de I'Art de la 
Cbarpente, par Krafft, aoi Plates, large Folio. 

Ornamenti di Albertoli, 3 Parts, Folio. 

-Museo Pio CUtstentino^ 7 Tom. 

Museo Cbiaramonti, 

Wiebeking on Bridges, Draining, &c. In German. 4 Vols. 4to. and n 
large Atlas. 

Wiebekiug des Pants d Arches de Cbarpente, 4to. with a lai^e Atlas ot 
ao plates. 

Ornement de le Pautre, 3 Vols. Folio. 


Bourse 
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Bourse de Parisy par Brouginara. 

(Eu*vrcs de ffeyroiter, 

Antiquitc de Poestum, par Delagardette, Folio. 

Ornemens de Cauvet, Folio. 

Suite de Payjage, de Bourgin. Folio* 

Cabinet de Poulain, Proofs. 

Coupe de Pierrey par Gardelle* 

Canaux Na'vigables, de Lalande, Folio* 

Canal Ju Midi, par Jndreossi, t Vols. 4to. 

Eneyelopedie de I'Ingenieury par Delaitre* 3 Vols. Svo. and AtUt of 
Plates. 

Pousse des Terres, par Maignest 4to. 

Tradi de PArt de Batir, par Konddet. 5 VoU. 4to. Plates. 

Programme du Course de Construction, par Sganzin^ 4to. 

Decorations par Percicr et fontains. Folio. 

Palais et Maisons de Rome, par Percier, Folio. 

Manuel du Tourneur, 2 Vols. 4to. Plates. •. 

Dictionnaire des Graveurs. » Vols, Svo. Plates. 

Memoire de PArckitecture, par Patte, 4to. 

Coupe de Pierres, de Freziere, 3 Vols. 4to. 

Description du Pont d Moulins, par Regemorte, Folio. 

Boalet Machines de Theatre, 

Scrittori delPacqua. 8 Vols. 4to. 

Paris et ses Monumens, par Baltard, Folio. 

Musee des Monumens Francais, par Lenoir, C Vol. Svo. 

Annalcs du Musee, pa*- London, 

Bossut Traitc d'Hydrodynamique, 2 Vols, Svo. 

Bossut et Tiallet sur la Construction des Digues, 

Bremontier sur le Mouvement des Ondes, 

Decessart Tra*vaux Hydrauliques, 2 Vols. 4to, 

Ducrest D'Hydrauferie, 

Les Fontaines de Paris, par Duval. 

Cautbey de la Construction des Fonts, 3 Vols. 4to* 

Lesage divers Memoires des Pouts et Chaussees, % Vols. 4to. 

Savier, Projet d'une Gare d Cboisy, 

Sakolniki Hydrodynamique, 

Berard Statique des Voutes, 

Brunet, dimension des Fers qui doiventformer la coupole de la Halle aux 
Grains, 

Pyie, 
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Pjrft Restauraiion du PantbeoH, 

Clocbar Plans de Mahons^ &c. D'ltalie* Folio. 

Nevj Principles of Linear PerspectivCt or the Art of Designing on a 
Plane, the representation of all Sorts of Objects in a more general 
and simple Method than has been hitherto done. Illustrated by 13 
Quarto Plates, By Brook Tailor, LL.D. and K SS, The Fourth 
Edition, 8vo. 14s. in boards. 

Dr. Brook Tay lor's Method of Perspective made easy both in Theory and 
Practice. By Joshua Kirby, 35 Copper-plates. The Third 
Edition. 2l.128.6d. Half Bound. 

The Perspective of Architecture, a Work entirely new j deduced from 
the Principles of Dr. Brook, Taylor, and performed by two Rules 
of universal Application. With 73 Plates. By Joshua Kirby, 
Imperial Paper. 3I. 3s. half bound. 

M()DERN FINISIllNdS for ROOMS, a Series of Designs for Ves¬ 
tibules, Halls, Stair Cases, Dressing Rooms, Boudoirs, Lib^^iries, 
and Drawing Rooms, with their Doors, Chimney Pieces, and 
other finishings to a large Scale, and the several Mouldings and 
Cornices at full Size, showing their Construction and relative Pro¬ 
portions: to which aie added some Designs for Villas and Por¬ 
ticos, with the Rules for drawing the Columns, &;c. at large. 
The whole adapted for the Use and Direction of every Person 
engaged in the practic.a] Pait ot Building, by IV, F, Pocock, 
Architect, on 86 Plates, quarto, al. zs. bound. 

The .S'lUDENTs INSTRUCTOR in drawing and working the 
Five Orders of Architecture j fully explaining the best Methof!^ 
of striking regular and quirked Mouldings, for diminishing and 
glueing of Columns and Capit.'ils, for finding the true Diameter or 
an Order to any given Height, for striking the Ionic Volute circu¬ 
lar and elliptical, with finished Examples, on a large Scale, of ihe 
Orders, their Planceers, &c. and some Designs for Door Cases, b)' 
Peter Piicholson, engraved on 41 Plates octave, los. 6d. bound. 
A new Edition collected and much enlarged. 

The CARPENTER’S NEW GUIDE, being-a complete Book o! 
Lines for Carpentry and Joinery, treating fully on Piv.ctica 
<ieomctry, Soihts, Brick and. Piaster Groins, Niches of every 
Description, Sky-lights, Lines for Roofs and Domes, with a great 
Vaiicty of Designs for Roofs, Trussed Girders, Floors, Domc^, 
Bridges, &c. Stair-cases and Hand-rails of various Constructions, 
Angle-Bars for Shop Fronts, ami Raking Mouldings, with many 

/ other Things entirely new; the Whole founded on true Geome¬ 
trical Principles, the Theory and Practice well explained and fullv 
exemplified on 84 Copper-Plates} including some Observations and 
Calculations on the Strength of Timber, by P. Nicholson, 4to. 
il. IS. the Sixth Edition corrected and enlarged. 

The CARFENTER and JOINER’S ASSISTANT, containing Prac¬ 
tical Rules for making all Kinds of Joints, and various Methods 
of Hingcing them together; for hanging of Doors on straight or cir¬ 
cular 
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cular Plansj for fitting up Windows mid Shutters to answer 
irarious Purposes, with Rules for hanging tbcm) for the Construc¬ 
tion of Floors, Partitions, Soflits, Groins^ Arches for Masonry i 
for constructing Roofs in the best Manner fiom a given Quantity 
of Timber; for placing of Bond-Timbers j witli various Methods 
for adjusting Raking Pediments, enUrgi^ and diminishing of 
Mouldings, taking Dimensions for Joinery, and for setting out 
Shop Fronts; with a new Scheme for constructing Stairs and 
Hand-rails, and for stairs having a conical WelNbole, See, See, To 
which are added, Examples of Various Roofs executed,* with Che 
Scantlings from actual Measurements, with Rules for Mortices 
and Tenons, and for fixing Iron Straps, Sec, Alto Extracts from 
M. Belidor, M. du Hamel, M. de Bufibn, Sec, on the Strength of 
I'iniber, with practical Observations. Illustrated with 79 Plates, 
and Copious Explanations. By Peter Nicholson, Q^rto il* zs. 
bound. I'lie fourth Edition, revised and corrected, 

*The Practical House Carpenter, or Jirz/rur/or .* containing a great 

Variety of useful Designs in Carpentry and Architecture; as Cen¬ 
tering for Groins, Niches, &c. Examples for Roofs, Sky-lights, 
&c. The Five Orders laid down by a New Scale. Mouldings, Sec. 
at large, with their Enrichments. Plans, Elevations, and ^tions 
of Houses for Town and Country, Lodges, Hot>boutes, Green- 
iiouses, Stables, &c. Design fora Church, with Plan, Elevation,and 
two Sections; an Altar-piece, and Pulpit. Desi^s for .Chimney- 
pieces, Shop Fronts, Door Cases. Section of a Dining-room and 
Libiary. Variety of Stair Cases, with manj other important Articles 
and useful Embellishments. To which is added, a List of Prices 
for Materials and Labour, Labour only, and Day Prices, The whole 
illustiated and made peifectly easy by 148 quarto Copper-plates, 
with Explanations to each. By fPilliam Pain, The sixth Edi¬ 
tion, with latge Additions. 18s. bound. 

N, B. This is PAIN's last Woik. 

I'he Carpenter's Pocket Directoryt containing the best Methods of 
framing Timbers of all Figures and Dimensions, with their eevcral 
Pans i as Floors, Roofs in Lcdgemeiits, their Length and 
Backings j Trussed Roofs, Spires, and Domes, Trussing Girders, 
Pattitions, and Bridges, with Abutments; Centering for Arches, 
Vaults, Sec, cutting Stone Ceilings, Groins, See, with their 
Moulds: Centres for drawing Gothic Arches, Ellipses, &c. With 
the Plan and ^Sections of a Barn. Engraved on *4 Plates, with 
Explanations. By IT. Paint Architect and Carpenter. Bound, 

Decorations for Parks and Gardens \ Designs for Gates, Garden Sea|i, 
Alcoves, Temples, Baths, Entrance Gates, Lodges, Papadf^ 
Prospect Towers, Cattle Sheds, Ruins, Bridges, Greea-hous^ 
Sec. Sec. Also a Hot-house, and Hot-wall, with Plans and Scales; 
nearly engraved on 55 Plates, octavo, los. 6d. sewed. 

Designs in Architecture, consisting of Plans, Elevations, and Sections 
for Temples, Baths, Cassinos, Pavilions, Garden Snts, Obelisks, 
and other Buildings; for decorating Pleasure-grpunds, Parks, 

Forests, 
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Forestta &c. &c. by John Soane, Engraved on 38 Copper-plates, 

8vo. Sewed, 6s. 

GroUtque Architecturef or Rural Amusement; consisting of Plans, 
and Elevations, for Huts, Hermitages, Chinese, Gothic and Na¬ 
tural Grottos, Morest^ue Pavilions, &c. many of which may be 
executed with Flints, irregular Stones, rude Branilies and Roots 
of Trees; containing 18 Designs, hy IVrigbt. Octavo, Sewed, 
4«. 6d. ' 

Ideas for Rustic furniture^ proper for Garden Chairs, Summer Houses, 
Hermitages, Cottages, icc, engraved on 15 Plates. Octavo. Price 4s. 

Designs for Gates and Rails, suitable to Parks, Pleasure-Grounds, 
Balconies, &c. Also some Designs for Trellis Work. On 17 
Plates. By C. Middleton, Octavo, 6s. 

The Carpenter"s Treasure: a Collection of Designs for Temples, with 
their Plans; Gates, Doors, Rails, and Bridges, in the Gothic 
Taste, with Centres at large for striking Gothic Curves and 
Mouldings, and some Specimens of Rails in the Chinese Taste, 
forming a complete System for Rural Decorations. By N. Wallhy 
Architect. 16 Plates. Octavo. Sewed, is. 6d. 

Gothic Architecture impro’vedt by Rules and Proportions in many grand 
Designs of Columns, Doors, Windows, Chimney-Pieces, Arcades, 
Colonnades, Porticos, Umbrellas, Temples, Pavilions, See, with 
Planet Elevations, and Profiles, geometrically exemplified. By 
B, T, Langley, To which is added, an Historical Discourse on 
Gothic Architecture. On 64 Plates Quarto. Bound, 13$. 

Designs for Monuments, including Gravestones, Compartments, WalL 
pieces, and Tombs, Elegantly engraved on 40 quarto Places. Half 
bound, i6s« 

Designs for Shop Fronts and Door Cases, on 17 Plates. 4to. los. 6J, 

Outlines of Designs for Shop Fronts and Door Cases, with the 
Mouldings at large, and Enrichments to each Design. Engraved 
on 14 Plates. Quarto, 5s. 

Havsnef's Complete Measurer, a new Edition, much improved, 4s. 6d. 

Hoppus's Timber Measurer, Tables ready cast. 4s. 

The Joiner and Cabinet-maker's Darling', containing sixty different 
Designs for all Sorts of Frets, Friezes, &c. Sewed, 3s. 

The Carpenter's Companion-, containing 33 Designsrfor all Sorts of 
Chinese Railing and Gates. Octavo. Sewed, is. 

The Carpenter's Complete Guide to the whole System of Gothic 
Railing; containing 31 Designs, with Scales :o each. Octavo. 
Sewed, is. 

A Geometrical Fievj of the Five Orders of Columns in Architecture 
adjusted by aliquot Parts; whereby the meanest Capacity, by 
Inspection, may delineate and work an entire Ordej, or any Parc, 
of any Magnitude required. On a large Slieet, is. 
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EUvat'wn of Black Friars' Bridgt, with the Plan of the Foundation and 
Superstructure, by R. Baldwin la Inches by 48 Inches, 5s. 

Planst Elevations^ and Sections of the Machtnea ahd Centerings used 
in erecting Black Friars* Bridge} drawn and engraved by Jt, 
Baldvsin^ Clerk of the Work; on 7 large Plates, with Explanations. 
10s. 6d. 

Elevation of the Stone Bridge built over the Severn at Shrewsbury ; 
with the Plan of the Foundation and Superstructure, elegantly 
engraved by Rooker, is. 6d. 

J IVeatisi oti Building in ffater. By G. Semfle, Quito, with 63 
Plates. 

Flo'tSy Elevation and Sections of the curious Wooden Bridge at 
Sebafhausen in Switzerland, built in 1760 by Uhie Cruhenman, 
and lately destroyed by the French* 19 laches by 29* fas. 
coloured, with a^descriptive Account in Letter*Piess. 

A View of the Cast Iron Bridge erected ever the River Thames at 
F’auxhall, elegantly engiaved in Aquatinta, from a Drawing by 
E. Gjfford, Architect, il. is. or coloured impressions, ll. 1 U« 6d. 

A Plan and View of the Chain Bridge now erecting over the Menai at 
Bangor Ferry\ Price 3$. 

A Plan and View of the Patent Iron Bar Bridge of Suspension 
erected over the River Tweed, by Captain Brown. Elegantly En¬ 
graved in Aquatinta. 10s. 

A Perspective View of the Waterloo Cast Iron Bridge erected 
ovei the River Conway, in North Wales, elegantly coloured j 
Price ll. 1 IS. 6d. 

A Plan and Elevation of the Waterloo Biidge erected over the 
River Thames. Elegantly Engraved in Aquatinta. les. 

Perspective View of the proposed Iron Bridge at London, of 
600 Feet Sp.m j by Telford, Size 4 Feet by i Feet, Coloured tl. ss.' 

Observatiens on Brick Bond, as practised at various periods} con* 
taining an Investigation of the best Disposition of Bricks in 
a Wall, for procuting the greatest possible Strength} with 
Figures representing the diH'erent Modes of Construction. Octavo, is. 

TABLED for the PURt’HAiilNG of ESTATICS, Freehold, Copyhold, 
or Leasehold, Annuities, See, and for the renewing of Leases 
held under Cathedral Churches, Colleges, or other Corporate 
Bodies, for Terms or Years certain, and for Lives, Together 
with several useful and interesting Tables, connected with the 
subject. Also the Five Tables of compound Inteiest. By 
fn-’vood, Architect and Surveyor. In small Octavo for a Pocket 
Book, 7s. in Boards. Second Edition, enlarged. 
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BOOKS OF ORNAMENTS, &c. 

A COLLECTIONof ANTIQUE VASES, Altars, Patinas, Tripods, 
Candelabra, Sarcophagi, &c. from various Museums and Collec¬ 
tions, engraved in Outline on 170 Plates, by H, Mosest with 
Historical Essays, si. 3s. Half Bound small Quarto, and on large 
fine Paper, 5!. 58. in extra Boards. 

SELECT GREEK and ROMAN ANTIQUITIES, from Vases, 
Gems, and other Subjects of the choicest Workmanship. Engraved 
on 36 Plates, by H. Moses, with Descriptions, (^arto il. Is. 
boards. 

Ornamental Designs after the Manner of the Antique. Composed 
for the Use of Architects, Ornamental Painters, Statuaries, Carvers, 
Carpet, Silk, and printed Calico Manufacturers, and every Trade 
dependent on the Fine Arts, by G. Smithy with Descriptions. 
Quarto. Neatly engraved in Outline. Royad 4to. on 43 Plates, 
Price al. as. in Boaids. 

A ColUSinn cf Designs for Modern Embellishments suitable to Par¬ 
lours, Dining and Drawing Rooms, Folding Doors, Chimney 
Pieces, Varandas, Frizes, Ac. By C. A, Busby, ArcbiteS; neatly 
engraved on a4 Plates, 14 of which are elegantly coloured $ large 
Quarto. Price il. iis. 6d. 

Designs for the Decoration of Rooms in tlie various Styles of 
modern Embellishment. With Pilasters and Frizes at large. On 
so folio Plates, Drawn and Etched by G. Cooper, Di aftsman and 
Decorator, il. is. 

Ornaments Displayed, on a full Size for working, proper for all Car> 
vers. Painters, Ac. containing a Variety of accurate Examples of 
Foliage and Frizes, elegantly engraved in the Manner of Chalks, 
on 33 large Folio Plates. Sewed, 15$. 

Pergolesi^s Ornaments in the Etruscan and Grotesque Styles, large 

Folio, Boards. 

• 

The Principles of Dranving Ornaments mzde easy, by proper Examples 
of Leaves for Mouldings, Capitals, Scrolls, Husks, Foliage, Ac. 
Engraved in Imitation of Drawings, on »6 Plates, with Instruc- 
tions for learning without a Master. Parriculaily useful to Carvers, 
Cabinet- makers, Stucco-workers, Painters, Sm|>bs, and every one 
concerned in Ornamental Decorations. By an Artist. Quarto. 
Sewed, 4$. 6d. 

'Omamesstal Iron Work, or Designs in the present Taste, for Fan¬ 
lights, Stair-Case Railing, Window Guard Irons, Lamp-Irons, 
Paiisadoes, and Gates. Wirh a Scheme for adjusting Designs with 
Facility and Accuracy to any Slope. Engraved on ai Plates. 
Quarto. Sewed, 6s. 

Laiv's new Book of Oinuments. Sewed, as. 

A 
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A CoUgcthn of yate a from the Antique, &c. on 41 Quarto 'PUtes 
Price 7s. Sewed. 

An interior View of Durham Cathedral, and a View of the elegant 
Gothic Shrine in the same. Elegantly engraved on two large Sheett. 
Size 19 by 12. The Fair las. 

An exterior and interior View of St. GiUa*t Church tu the fields, 
engraved by Walker. Size 18 Inches by 15. The Pair 5s. 

A North-west View of Greenwich Church, at. 

A V'iew of Shoreditch Church, 38 Inches by so, 3s* 

An elegant engraved View of the Monument at Lottdou, with the 
Parts geometrically; Size 11 by 33 inches, from an Original, 
by Sir C. Wren, 7s. 6d. 

Sir Christopher Wren's Plan for rebuilding the City of London after tht 
great Fire, s666. is. 

West Elevation of York Minster, elegantly engraved from a Draw¬ 
ing by James Malton, Price 15s. 

7 be Building Act of the i4ll> Gee. Ill, Sewed, 3$. 6d. 

N. B. The Notice and Certificate required by the above Aft, 
may be had printed with blank Spaces for filling up. Price ad. each, 
or i 3 for as. 

Experiments and Observations made with a View of improving the 
Art of composing and applying Calcareous Cements, and of preparing 
Slmck Lime \ with the Theory of these Arts. ByB. Higgins, M. D. 

A General History of Inland Nansigation, foreign and Domestic; eomainmg 
a Comtlete Account of the Canals already executed in BngUuad\ moiA 
Considerations on those projeSed : to nuhich are esdded. Practiced Oheer- 
njations. Anensj Edit. Octavo, 10s. Cd» Boards. 

A Map of England, shewing the Lines of the Canals executed, 
those proposed, and the navigable Rivers, coloured. On a luge 
Sheet, 5s. 

A new Collection of 100 Views in Rome and its Vicinity, neatly 
engraved by Pronti, Quarto, Price il. ss. 

An Enquiry into the Changes of Taste in Landscape Gardening j 
to which are added, some Observations on its Theory and Practice* 
including a Defence of the Art* By H, Repton, Esq. Octavo, $0, 

Specimens of Ancietk Carpentry, consisting of Framed Roofs selectittf 
from various Ancient Buildings, Public and Private. Also tome 
Specimens of Mouldings for Cornices, Doors, and Windows, bjr 
the late Mr. James Smith, engraved on 36 Plates, Quarto, Price 
12s. sewed. 

A COLLECTION of DESIGNS for Household Furniture and 
interior Decoration, in the most approved and elegant Taste, viz* 
Cuitains, Draperies, Beds, Cornices, Chairs and Sofas for Parlors, 
Libraries, Drawing Rooms, &c* Eibrary Fauteuils, Seatsi Ottomans, 
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ChaiteLongue» Tables for Libraries, Writing, Work, Dressing, Sic, 
Sideboards, Celerets, Book-cases, Screens, Candelabri, Chiffoniers, 
Commodes, Pier Tables, Wardrobes, Pedestals, Glasses, Mirrors, 
Lamps, Jardiniers, See, with various Designs for Rooms, Geometri¬ 
cal and in Perspective, shewing the Decorations, Adjustment of the 
Furniture, and also some general Observations, and ^ Description 
ofeach Plate. B/Georce Smith, Upholder Extraordinary to his 
Royal Highness the Prince of Wales. Elegantly engraved on 158 
Plates, with Descriptions. Royal Quarto, Price 4I. 14s. 6d. in 
Boards, and elegantly coloured 7I. 17s. 6d. 

Designs for HouseboU Furniture, exhibiting a Variety of Elegant and 
Useful Patterns, in the Cabinet, Chair, and Upholstery Bi*anche$. 
By the late T. Sheraton, Engraved on 84 Folio Plates, Price 
ii, 138. 6d. in Boards. 

Mectanical Exercises; or, the Elements and Practice of Carpentrj% 
Joinery, Bricklaying, Masonry, Slating, Plastering, Painting, 
Smithing, and Turning. Containing a full Description of the 
Tools belonging to each Branch of Business, and copious Directions 
for their Use % with an Explanation of the Terms used in each Art 
and an Introduction to Practical Geometry. Illustrated by 3^ 
Plates. By Peter Nicholson, Octavo, 18 s. Boards, :?Is. Bound. 

Au Essay on the Shafts of Mills-, containing their Description and 
Use, with the Kinds of Stress to which they are subject, and an 
Inquiry into their Stiffness, Strength, Durability, and Proportion. 
With a Variety of useful Tables. Also an introductory Account 
of the Progress and Improvement of Mill- work. By Robertson 
Buebanan^ Engineer. Illustrated with Three Plates, Price 7s. Boards. 

Essays on the Construction and Durability of the Longitudinal 
Connexions of Shafts denominated Couplings.-—On Methods of 
Disengaging and Re-Engaging Machinery, while in Motion.— 
On Mechanism for Equalizing the Motion of Mills, denominated 
Lift-Tenters, Engine Governors, and Water-Wheel Governors.— 
On the Velocity of Water-Wheels.—On Changing the Velocity 
of Machinery while in Motion.—On the Framing of Mill-Work. 
By Robertson Engineer. Illustrated with 15 Plates, Price 

las. in Boards. 

Curr's Coal Viewer and Engine Builder's Practical Companion* 
Qi^Co, «1. xxs. 6d. ‘ 

Snuaton's Estperiments on Under-shot and Over-slA>t Water Wheels, 
Sto, Octavo, with five P]ate8, 10s. 6d. Boards. 

Sxj^imental Enquiries concerning the Principle of the lateral 
(Communication of Motion in Fluids; ^plied to the Explanation 
of various Hydraulic Phenomena. By J, P, Penturi. Translated 
from the French by W, Nicholson, with Plates, 4s. 

A Treatise on Xht Teeth of Wheels, Pinions, Sec, d'^monstratlng the 
bcil Form which can he given them for the various Purposes of Ma¬ 
chinery; such as Mill-work, Clock-work, Sec, and the Art of finding 
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their Numbers, translated from'the Pren^ of Af* CamMs^ with Addi¬ 
tions, illustrated by 15 Plates, Octato, lot. dd« 

Observations on the Design jor the Theatre Revolt Drury LatUt at 
executed in the Year iSit ^ accompanied by Plans, Elevations, and 
Sections of the same, engraved on Eighteen Plates. By Benjamin 
lyjattt F. S. A. Architect. Royal Quarto, al. las. 6d. Boards. 

JUST PUBLISHED. 

THE ELGIN MARBLES of the Temple of Minerva at Athens, 
engraved on Sixty>One Plates, selected from Stuart and ilcvett*a 
Antiquities of Athens; to which are added, the Report from the 
Select Committee of the House of Commons respecting the Earl of 
Elgin's Colleflion of Sculptured Marbles, and an Historical 
Account of the Temple. Imperial Qiiarto, Price 5I. 5s. Boards. 

Remarks on the Construction of Hot-Housest pointing out the most 
.advantageous Forms, Materials, and Contrivances, to be used in 
their construction. Also, a Review of the various Methods of 
building them in foreign Countries, as well as in England* With 
10 Plates, from Etchings on Stone. By /. C. Loudon^ F. X*. S. 
Quarto, 15s. Boards. 

An ESSAY on the STRENGTH and STRESS of TIMBER, founded 
upon Experiments performed at the Royal Military Academy, on* 
Specimens selected from the Royal Arsenal, and his Majesty’s 
Dockyard at Woolwich j preceded by an Historical Review of 
former Theories and Experiments. Also, an Appendix on the 
Strength of Iron, and other Materials. By Peter Barlo^t of the 
Royal Military Academy. Octavo, with numerous Tables and 
Plates, Price 18s. in Boards. 

DESIGNS for CHURCHES and CHAPELS, including Plans. Elet 
vations, and Sections, with some Sketches for Altars and Pulpits. 
By IP. F. Pocock, Architect. Engraved on 44 Quarto Plates, i'rice 
it. iis. 6d. in Boards. 

A 'I'REATISE on the CONSTRUCTION of STAIRCASES and 
H.\NDRAILS, showing Plans and Elevations of th« vArious 
forms of Stairs, methods of projecting the Twitt and Scroll of 
the Handrail, an expeditious method of squaring the Kail, ^he- 
ral methods of describing the Scroll, and forming it out m the 
Solids. Useful also to Smiths in forming Iron Rails, StfOps* &C* 
With a new e^etjiod of applying'the Face-mould to the Plank, 
with-out levelling the Edge. Preceded by some necessary Problems 
in practical Geometry 2 with the Sections and Coverings of 
Prismatic Solids. Illustrated by Thirty-nine Engravings. By 
Peter Nicholson, Author of the Carpenter’s New Guide, the 
Joiner’s Assistaip, &c. &c. Quarto, 18s. boards. 

ELEMENTARY PRINCIPLES of CARPENTARYi a Treatise 
on the Pressure and Equilibrium of Beams and Timber Frames, 
the Resistance X>{ Timbers, and the Construction of Floors, Roofs, 
Centres, Bridges, &c.; with Practical Rules and Examples. To 
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h added, an E«ay on the Nature and Propertici of 
'limber, including the Methods of Seasoning, and the Causes and 
Prevention of Decay j with Descriptions of the Kinds of Wood 
used in Building: also numerous Tables of the Scantlings of 

. Timber for dittcrent Purposes, the Specific Gravities of Mate¬ 
rials, &c. Quarto. Illustrated by Twenty-two Engravings. By 
Thomas TreJj^olJ. Quarto, il. 4.3. boards. 

Ornaments selected from the Antique, lithographed 01. at leave* 
Folio, il. IS. sewed* Exhibitingavariety of Foliage and Fragments 
of Ornaments at large, in a bold and free Style. 

A PRACTICAL ESSAY on the STRI NGIH of CAST IRON} 
intended for the Assistance of Engineers, Iron Masters, At- 
chitects, Millwrights, Founders, Smiths, 6nd others engaged in 
the Construction of Machines, Buildings, &:c. Containing Practical 
Rules, Tables, and Examples. Also an Account of some new 
Erferimenls, with an extensive Table of the Properties ofMaterials. 
By Thomas TreJgoU, Civil Engineer, Member of the Institution of 
Civil Engineers, &c. Octavo,4plates, ns. Boaids. 

The RUDIMKN'I'S of DRAWING CABINET and UPHOLSTERY 
FURNI IURE, containing ample Instructions for designing and 
delineating the ditferent Articles of those Branches perspectivcly 
and geonietric.illy. Illustrated with appropriate Diagrams and 
Designs, proportioned upon Architectuial Principles, on 3a 
Pl.ites) many of which aie coloured. The Second Edition j to 
which is added an Elucidation of the Principles of Drawing Orna¬ 
ment*, exem]di(icd on 7 plates. By Richard Brown, In Quarto, 
il. Its 6d Boards. 

The Architectuial Antiquities of Rome: measured and delineated 
by Ttf>’/crand (Vr/y, 2 Vols. Imperial Folio, Piice iZ'i. 18s. 

CIVIL ENGINEERING. 

J. Tavlor, having purcliased the remaining Copies of the Reports 
of the late John Smeaton, Civil Engineer, proposes to sell them 
for the present at the following very reduced Prices, viz. 

Reports,Estimates, and Treatises, on Canals, Rivers, Harbours, 
Piers, Bridges, Draining, Embanking, Light-Houses, Machinery, 
.Fire Engines, Mills, See. See., with other Papers, drawn up in (he 
course of his employment. 3 vols. Quarto, with 74 Plates, engraved 
by Lowry. Boards, 41. 14s. fid. pulnished at 7I. 7p. 

Miscellaneous Papers, comprising his Communications to the 
Royal Society, 11 Plates, 4to. bds. li. is. published at 11 , 11s. fid. 

The Reports and Miscellaneous Papers together, 4 volt., boards, 
5I. JOS. published at 81 . i8s. fid. 

An hteresting Vitw of the INTERIOR of ST. PAUL’S CATHE¬ 
DRAL, taken from the great vS.W. Pier, and showing the magni¬ 
ficent expanse of the Domej dravvn and engraved by J. CWy j 
size 21 Indies by 27 . Price Ids. On India Paper, 253. 
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The RUDIMENTS of PRACTICAL PERSPECTIVE 5 in which 

' the Representation of pbjects is described by Two easy Methods, 
one depending on the Plan of the Object, the other on its Dimen¬ 
sions and Position; ench Method being entirely free from the 
usual Complication of Lines, and from the Difficulties arising 
from remote vanishing Points. ■ Illustrated by Plates, engraved 
by Lowry. "By Peter Nicholson, Octavo, 14s. boards. 

A Treatise on Dry Rot, the Nature and Cause of that Disease in Ships, 
Houses, Mills, See. $ with Methods of prevention and Cure. Also 
an Inquiry into the Origin of Fungi, Sec. By Ambrose Bowden, 
With a coloured Plate. 8vo. ys. boards. 

An HISTORICAL and DESCRIPTIVE ACCOUNT' of the STEAM 
ENGINE; comprising a general View of the vartoot Modes of 
employing Elastic Vapour as a prime Mover in Mechanics. With 
an Appendix of Patents and Parliamentary Papers connected with 
the Subject. By Charles Frederick Partington^ of the London Insti¬ 
tution. Octavo. Illustrated with Eight Copper-plates, and other 
Figures. Price i8s. Boards. 

SCIOGRAPHY i or, Examt^s of Shadows, and Rules for thdr Pro¬ 
jection : intended for the Use of Architectural Draughtsmen. By 
Joseph GmdJi, Architect. Lithographed on x8 Plates. Octavo, 
9s. boards. 

A PRACTICAL TREATISE on the LAW of DILAPIDATIONS, 
Mcclesiattical and Common, Reinstaietnentsy fPaste, Scc.^ to which is 
added an Appendix containing Precedents of Notices to Repairs, 
&c., with Examples for Making Valuations, Estimates, 5 cc. By 
James Elmer, Architect. Second Edition, with additions, 8vo. 
Price 4S. sewed. 
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APPENDIX (A). 


JList of Pntcnif^ for the Steam Enginey with an AnaJytkal 
AreouJif (f those more immediately ronneeted with its Im»^- 
jiroveinent and genera! Applieation to the nseful Arts.* 


T. SA\rKv, London, July 25, 16i)8. 

fJT 

I HIS patent, wliicli is the first upon record, for ap in- 
veiiiion in wliicli steam was employed as a prime mover or 
jirineipal a^^ent in hydraulics, describes two modes of cf- 
fectinir this very <!esiral)le object. In the first, if used 
mer<ly to pioducc a\acuiim by condensation; and, in the 
latte r, the im[H‘lleiit or expansive force of the steam is made 
to act upon the surface of Uio Huid to be raised, and by its 
jiressnri' in a close vessel, the water is driven up a con- 
nectini? tube to tiu: retjuired heiyht. 

In this cn^dne a > acuum bcinj; first formed by the conden¬ 
sation of steam, the water was afterwards raised by the pres- 


• A li'-.t Ilf Um' patent-rtglit inventions connected with this branch 

of our isianut<i<'tttr<‘s, has l(>n^ been a tlesiderutniu ; while a reference tu the chro> 
nolo^'ic'il arran;;t'ment will shew the iiro^resstre impruveiuents that have been 
effected ill its construction. In addition to this, the future cxperiiuentalist may 
dertte considerable hcnclit from the labours of his precursors thus at one view pre¬ 
sented to his notice. It is srarcily necessary to add, that a large poriiuu of tliese 
exclusive monopolies are of litlle value beyond that of swelling the fees of the 
patent office; many of them being precisely the same in both principle and 

aisiilii-.stion. 
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sure of tile atmosphere to a t,Mvcn height from the well into 
the ciiguie, and tlien forced out of the engine up the re¬ 
maining lu'ighl by the ])res,sure of .slcani upon its surface. 
Tiii> action was performed alternately in t\vt> ivei'ivers ^ so 
that while the vacuum fornn'd in one was drawing up from 
the well, the pressure of .steam in the <»lhcr was forcing np 
Avater to an elevated reservoir, and by this means a con¬ 
tinued stream of water was produced. 

T. Nkw(ome> and «l. C.\avm;v, 

This cngim‘ has been very fully described in a preceding 
j)age; to that, llicrefore, with a reference io the ])late, we 
shall beg to refer the reader. 


J. Hrij,, London, Doc. 21, IJ'My. 

The mode of pr(>pclling v<‘'‘SrK by the applicati«)n of pad¬ 
dle-wheels now so generally ado[Ucd, jippcars tt) have la'cn 
originallv suggcstid by this patent, Mr. Hull proposed to 
employ the atmospheric engine of Newcomen, which, l»y 
means of a crank commnnicLiting with the working beam, 
imparted a rotatory action to the wheels or paddles whicli 
were placed at llie bow of the vessel. 

m 

J.vMF'is Brindi.ev, Lancashire, 

The boiler in this engine was propose<l Io he made of 
wood and stone, with a cast iron fire-idaee within side of it, 
and surrounded on all sides, so as to give its heat to the 
water. Tlie chimiu^y was an iron pipe or tube, also im¬ 
mersed in the water of the boilt r; and this plan Mr. Brind¬ 
ley expected would save u considerable portion of the fuel. 

Bi.AKKA, l7fK). 

This ])atcnt Avhieli cemsisted in an improvement upon 
feaveiy’s engiuc, was in [iriiieiple similar to that of Dr, Papin, 
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In this case a quantity of oil was placed in the receiver, 
which, rising to the surface, formed a species of piston or 
float between the snrfacc of tlie water and the hot steam; 
thus preveiiting the continued co!Klcii?>ation of clastic va¬ 
pour, which w<ml(l necessarily occur in engines upon the 
original eon'^tniclion. 

'i’o elloet this t\\ <> re(*c*iveis were to be used, one in the 
same* sitnalidij as Savery’s, which wah to receive the air; 
and the hot steam, when adujitLed into it, forced the air to 
dcseend l)y a pipe i(» tlie. sec ond receiver, which was at the 
bottom of tlie well from whence the water w’as cxjjciled, 
and proportionably raised in the force pi[)c. 


.1. W'.MT, Birmingham, Jan. 5, 1709. 

1\» tlie great and eonijirehcirsivc genius of the late Mr. 
W’att, and the spirit of rivaliy which W'as excited in th^ 
nil chanical world on the publication of this patent, which, 
tliougii the eariie>t, is certainly the most imj)ortaiit of his 
inventions, may be ascribed the completion of those im- 
provenunts llial have sul>scquenlly been efTected in the 
>U’am engine. This patent, the term of W’hich was pro¬ 
longed for twenty-one years from the expiration of the 
original grant, contains the following princijilcs, w hich, for 
their importance, we insert in the author’s own words: 

“ I'irst, Thai the vessel in which the powers of steam are to 
be employed to work the engine, which is called the cy¬ 
linder in common fire engines, and wliich 1 call the steam 
vessel, must, during tlio whole time the engine is at work, 
be kept as hot as the steam that enters it; first, by enclosing 
it in a case of wood, or any other material that transmits 
heat slowly; secondly, by surrounding it with steam or 
other heated bodies; and, thirdly, by sutFering neither water 
nor any other substance coltler than steam, to enter or 
toucli it during that time. 

“ Secondly, In engines that arc to be worked wholly or 
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partly by condensation of steam, tlic steam is to be con¬ 
densed in vessels distinct from the steam v(‘ssels, atthongli 
occasioimlly comnnmicatim; with tlu*n). 'riicse vessels I call 
condensers; and while the engines are vvorkiii^ijf, these con¬ 
densers oui'ht to be kept as e<>ld us the air in tlie neigh¬ 
bourhood of the engines, by the application of water, or 
other cold bodies. 

“ Tliirdly, \\'halcvcr air, or other clastic vapour, is not 
condensed by the eoki of the eoudenser, and may imj>ede 
tlic working of the engine, is be drawn out of the steam 
vessels by mcai»s of pumps connected with the (‘iigine. 

“ Fourthly, I intend in many eases to etnplov the expan¬ 
sive force of steam to ]»ress on the pistons, or whalevcr may 
be used instead of them, in the same manner as the pres¬ 
sure of the atmosphere is n<ov employed in common fire 
^fengines. In cases whore cold water cannot be had in 
plenty, the engines may be wrought by force of stc'ajn only, 
by discharging the steam into open air after it has done its 
office.* 

Fifthly, Where motions round an axis arc rcfjuired, ! 
make the steam vessels in the form of hollow rings, or cir¬ 
cular channels, with proper inlets and outlets for tin* steam, 
mounted on horizontal axles, like the wlieels of water-mills. 
Within them arc placed a nuinln'r of valves, wliieh sidVer 
bodies to go round the chunnels in one direction only. In 
these steam vessels arc placed weights so fitted to them as 
entirely to fill up a part or portion of their channels, yet 
rendered incapable of moving freely in them by the means 
herebiaftcr mentioned or specified. When the .steam is ad¬ 
mitted into these engines, between the weights and the 
valves, it acts equally on both, sf) as to raise the weights to 


• IIjis should not be undcrfclood to extend to any enifine where the water to l»r 
raised enters the steam vessel itself, ur at))- vessels lia\ing an open comuiunicutioii 
with it. 
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one side of the wheel, and by the re-action of the valves, 
successively to give a circulai* motion to the wheel, the 
valves oj)cning in the direction in which the weiglits are 
j)rcssod, but not in the contrary one, as the steam vessel 
which nn>\cs round it is sn|)j>licd with steam from the 
btiih'r, and that n lnch has performed its oi^‘:ce may cither 
be discharged by means of condensers, or into the open 
air. 

“ Sixthly, I iiilchd, in some cases, to a[)j)]y a degree of 
cold, not eapalde of reducing ihi; steam to water, hut of 
contracting it considerably, so that the engines shall be 
worked by lljc alleniali' expansit)!! and eontruction of the 
st(‘am. 

Lastly, lirstead of using water to reiider tlie piston or 
other parts of the engines air arui steam-tight, I employ 
oiU, \\a\, resinous bodies, fat of animals, (juieksilver, an(||; 
<»l)!er metals, in ilieir tluid state.” 

J. Si EWART, 1/69. 

This engine produced a rotative motion by a chain going 
round a pulley, and also round two barrels furnished with 
ratchet-wheels, with a weight suspended to the free end of 
the chain, whieii thus servetl to continue tlic motion of the 
apparatus duriiig the return of the piston. 

M. W^AsiinoRouGH, Bristol, 

9'his invention, like the preceding, was intended tocom-^ 
munieate a rotatory motion, without the intervention of a' 
crank. It had a toothed sector on the end of the working 
beam, acting in a trundle, which, by means of two pinions, 
with ratchet-wheels, produced a rotative motion in the 
same direction by both the ascending and descending stroke 
of the piston; and by shifting the ratchets, the motion 
could be reversed at pleasure. In this engine Mr. Wash- 
borouffh employed a fly-wheel, which may not unaptly be 


considered as 9 magazine of |Ki\ver in thu», as ia every other 
species of maohiueiy. 

J. Stked, Lancashire, l/Hl. 

This specification was to secure to the )>aleutcc the appli¬ 
cation of a crank for producing continuous motion nearly 
similar to that now in use. 

J. HoRMiLowEu, Pemyn, Cornwall, July 31, IJBl. 

The expansive principle of Mr. Watt is in this engine 
employed by means of two cylinders, by the use of which 
the force of the apparatus is more nearly e(pialisc<K As, 
however, this invention has been the basis of several im¬ 
provements of the first magnitude in the introduction of 
double cylinder engines, we subjoin the specification in Mr. 
Hornblower’s own words. 

“ First, I use two vessels in which the steam is to act, 
and which in other steam engines arc called cylinders. Se¬ 
condly, I employ the steam after it has acted in the first 
vessel to operate a second time in the otlicr, by permitting 
it to expand itself, which I do by connecting the vessels 
together, and forming proper channels and apertures, 
whereby the steam shall occasionally go in and out of the 
said vessels. Thirdly, I condense the steam, by causing it 
to pass in contact with metallic substances, while water is 
applied to the ojipositc side. Fourthly, to discharge the 
engine of the water employed to condense the steam, I sus¬ 
pend a column of water in a tube or vessel constnicted for 
that purpose, on the principles of the barometer, the upper 
end hln^’ing open communication witii the steam-vessels, 
and the lower end being immersed ii^a vessel of water. 

^'Fifthly, to discharge the air which enters the steam-vessels 
with the condensing water or othenvise, I introduce it into 
a separate vessel, whence it is protruded by the auHnission of 
Ateuin. Sixthlvi that the condensed vapour ^hoU not re- 
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inaiii in the steam vessel in which the steam is condensed, 
! collect it into another vessel, which has open commu¬ 
nication with liic steam-vessels, and the water in the mine, 
reservoir, or river. Lastly, in cases where the atmosphere 
is to be employed to act on the piston, I use a piston so 
constructed as to admit steam round its pennhery, and in 
contact with the sides of the steam-vessel, thereby to pre- 
v<ait the external air from passing in between the piston 
uud the sides of the stcam-vessoi. 

♦ 

J, Wait, liinningham, March 12, 1782. 

This invention, which is for an improvement on Mr. 
Watt’s prior patent, consists principally in an advantageous 
inode of stopping the admission of steam at a given point, 
so that a part of the working stroke is eflcctcd by the expan¬ 
sion of that portion of the clastic vapour uJiich has already , 
entered the rylindcr. Several very ingeiiious contrivances 
an* also described by Mr. Watt for equalising the motion of 
the j>iston. Tlic first of these is by a chain acting upon a 
'spiral or fusee; secondly, by levers acting unequally upon 
cacii other; and, thirdly: by a large weight attached to the 
working-beam at a considerably height above the centre of 
motion. In the last of these methods, when the piston be¬ 
gins its descent, the weight will oppose itself to the motion 
of the piston, until the descent of the latter have inclined the 
beam so- much, that the centre of gravity of the weight is 
perpendicularly over the centre of motion of the beam : the 
weight will then have no cflhct on the engine; but after it has 
passed this position, it must evidently tend to aid the effort 
of the piston to draw up the load of water in the pumps, 
and render its motion equable. 

J.Wait, Birmingham, June 14, 1785, 

The object of the present invention is to facilitate the 
combustion of smoke by a more equable supply of oxygen, 
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and consisU in causing the sliioke, which is usually emitted 
on a supply of fresh fuel, to pass, together with a current of 
air, through the ignited mass that has already ceased to 
smoke, by which means it will be eflectnally coiisuniC{I, 
and converted into heat or flame. This invention is put in 
practice, first, by stopping up every avenue or passage to the 
chimney, except snch as are left in the interstices of that 
part of the fuel which is ignited; secondly, by placing the 
fresh coal above, or nearer to the external air, than that 
which is hurning, and already converted into coke or char¬ 
coal; and, thirdly, by constructing the fire-place in such 
manner, that the frc*sh atmospheric air wliich animates the 
fire, and the smoke w'hich proceeds iVom the fresh fuel, 
must take a downward direeliun, so as to pass through 
the whole mass of hurning fuel to the most remote j>art i»f 
the fire-place; and by this means the whole of its hydrogen, 
azote, and carbonaceous matter is usefully employed. 

T. Bi rgess, June 9, 1789. 

In, Mr. Burgess’s apparatus, which was intended to pro¬ 
duce a rotator)* action, a Iieuvy fly-wheel was set in motion by 
the alternate elevation and efepression of the working-beam. 
This w’as cfTccted by an clastic cord passing round a collar 
on its axis, one end of which was connected with the work¬ 
ing-beam, while the other supjiorted a weight. The move¬ 
able collar being furnished w’ith a click actiiig in a ratchet- 
wheel firmly screwed to tlie fly-^rbor. From this it will be 
seen that the elevation of the piston would give a projior- 
tionate impulse to the fly, which could not be impeded by 
its subsequent depression, the moveable ratohct-whccl al¬ 
lowing the fly to continue its rotative motion. 

Messrs. Bramah and Dickinson, Jan. 15, 1790. 

For an engine on a rotative principle. 
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J- Sadler, Oxford, June, 10, 1791. 

T!ic above patent, which Mr. Sadler states in his speci- 
fjcatioii to Ijavc for its object, the reducing of the consumption 
of coals, and ronseqiiciitly the expense of generating steam, 
appears but little calculated to answer thi.s or »ny other use¬ 
ful purpose. Mr. Sadler produced a rotatoiy motion by a hol¬ 
low cylinder connected with a boiler, which was driven 
round bv the (‘mission of steam fi*0ni two moveable arms 
turniiig upon the same axis. 

Fii\\<is Tikxminon, 1793. 

A double-acting engine, for turning niaebinciy by a crank. 
This was clVectcd by em[»lo} ing two cylinders, one inverted 
over the other; both pistons being connected by one rod, 
whicli passed through tlie upper end of the inverted cylinder, 
wluTc it was connected with the beam, and thus made a 
doul)lc stroke. 

U. Street, Christchurch, Surrey, May 2, 1794. 

J. SiRoNG, Bingham, Xots. May 31, 1796. 

This patent was obtained for^mprovcnicnts in the piston- 
eviinders and valves, none of which were ever generally 
adopted. 

■ \V. Batley, Manchester, June 28, 1796. 

E. Cartwright, ^Middlesex, Nov. 11, 1/97- 

In this engine the condensation is performed by the ap¬ 
plication of cold to the external surface of the vessel con¬ 
taining the steam. This is effected by admitting the clastic 
vapour between two metal cylinders, lying one within the 
otlicr, and having cold water flowing through the inner one, 
and surrounding the outer one. By these means a \cry 
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thin body of stciim is exposed to the greatest i>i^ssiblc sur¬ 
face of cold metal, lly means of a valve in the piston, 
there is a constant coininunicatioii at all times between the 
condenser and the cylinder, either above or below the pis¬ 
ton, so that whether it ascend or descend, the conden¬ 
sation is always taking place. This mode of condensation 
also affords an opportunity of substituting alcohol in the 
place of water, for working the engine, M*hieh could not be 
effected where the injection water mixes with the clastic 
vapour; and by the employment of ardent spirit, Mr. 
Cartwright calculates that a saving of half the fuel usually 
employed might be expected. ’ 

T. Rowntrek, Rlaekfriavs, May 1, 171^* 

J. Hornbloweu, PeniTii, Cornwall, .(une 8, 1798. 

The rotative engine described in this spccifnalion, tliough 
very ingenious in its construelion, i> much 1 (k) complicated 
to be generally adopted. 

* J. Dickson, Dockhead, July I I, 179H. 

This engine, like -the preytding, has never been employed 
en a large scale, which may be principally ailributcd to tlu; 
air-pump and quicksilver, which form an essential part ol 
its construction. 

F. Rapozo, Lisbon, Aug. 29. 

G. F. Queiroz, Waltham Green, Middlesex, Sept. 1/98. 

Mr. Queiroz’s improvements consist in diminishing the 
friction, in communicating a circular motion, and in a consi- 
deraWe alteration in the form of the boiler, by iHviding it 
into several compartments, by ^yhich a greater surface is 
exposed to the fire than by the ordinary mctliod, and coii- 
seqVifently more steam produced by a given quantity of fuel. 
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J. Wilkinson, Rotherhithc, July, 1799. 

The advantage derivable from Mr. Wilkinson’s invention, 
consists in a closer application of heat to tlic bottom of the 
steam boiler: this lie effects liy constructing it of consi- 
thrrable length, and without any flues round t*.c exterior 
surface. The heat from the flues, piissing uniformly along 
t!ie bottom, rises up at one end, and rctuniing by flues 
passing through the water to the other, opens into the chiin- 
nev whicli carries off the smoke. 

M. Mi^ray, Leeds, July 16, 1/99. 

Witli a view to save fuel, Mr. Murray provides the top of 
the boiler with a small cylinder and piston, connected with a 
rack, bv means of which the steam within the boiler raises 
up or depresses a damper in the chimney. He is thus 
enabled by the increase or decrease of tlie steam to keep up 
a due proportion between tlie elasticity of the vapour thus 
generated and the draught of the fire. Mr. Murray’s se¬ 
cond improvement consists in placing the ordinary* steam 
eyliiider and piston in a horizontal, instead of a vertical 
direction, and by this means a n^ch longer stroke maybe 
obtained than in the usual way. He also causes the pistons, 
by their reciprocating motion, to produce a circular motion of 
etpial power, ami enables the engine to fix the wheels neces¬ 
sary for producing motion alternately in perpendicular or 
horizontal directions. 

W. MiTvporK, Redruth, Cornwall, Aug. 29, 1799. 

Mr. Murdock describes bis improvements under four heads, 
viz. First, a more equable mode of boring the metallic cy¬ 
linders and pumps by means of an endless screw worked by 
a toothed wheel. Secondly, by simplifying the construc¬ 
tion of tlie Stcam-A'cssel and steam-ease in engines formed 
on Mr. W'att’s principle, which, he effects, by casting the 
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slcani-case of one entire piece, to whidi the cover nn{i bot¬ 
tom of the working cylinder are attached. He likewise 
casts the cvliiulcr and stcain-case iti one piece of consi¬ 
derable thickness, and bores a evlindne interstice between 
tiie steam-case and steam-vessel, leaving the two cylinders 
attached at one end, and he closes the other by a ring of 
metal. 

Thirdly, he simpliites the construction of the steam- 
valves or regulators, in Mr. Watt’s double engine, by ron- 
nccting together the upper and lower valves so as to work 
with one rod or spindle. The steam or tube which con¬ 
nects them being hollow, sen es as an eduction pipe to the 
upper end of the cylinder, and a saving of two valves is 
effected. 

Fourthly, by the assistance of twt» cogged wheel" working 
in an air-tight vessel, a rotative engine of eonsidorable power 
is produced, though from tlic great difliculty attache<l (f) llic 
making it air-tight, and the waste of steam in condensation, 
the plan does not appear of much practical utility. 

J. Bisiioi', Covent Garden, Sept. 23, 1799. 

This apparatus, which may be considered as a modifica¬ 
tion of Amonton’s fire-wheel, consists of three pails : First, 
a wheel similar to an overshot water-wheel; secondly, a 
large close vessel or case, made of copper or iron, in which the 
wheel is fixed, and which is to work in a vertical direction; 
and thirdly, an air or stcam-pipc and valve, which passes out 
at the top of the close vessel, through a small rcscrv’oir of 
cold water, for the purpose of condensation, if necessary. 

Motion is given to the wheel, and to any connecting ma¬ 
chinery, by the power of ascending steam, in the following 
manner; the close copper vessel in which the vertical wheel 
is fixQdy is fiBed with water above the axle of the wheel. 
The application of fire at the bottom of the vessel will raise 
tbc steam; and the stoM in its ascent, bv entering into and 
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acting upon thi bucket of the wheel, will give it a rotatory- 
motion, producing a power of about nine pounds for every 
gallon of water employed. A contrivance is also added for 
the production of a vacuum by the mean.s of an air or steam 
pipe, by which a cortsiderable reduction in the expenditure 
of fuel is effected. 

P. CiiowTHKR, Newcastle-upon-Tyne, Feb. 28, 1800. 

J. and J. Robfrtson, Birmingham, Aug. 13, 1800. 

Messrs. Robertson’s invention consists in preventing, in a 
great measure, the escape of steam wliich usually takes 
place even in engines of the best construction by the wear of 
the materials of which the piston is composed, and by an 
apparatus exclusively the invention of the patentees, the 
small portion of elastic fluid that finds a passage during the 
action of the cylinder is cmj)loycd on another piston, thus 
augmenting the power of the engine. ’J'hesc desiderata are 
stilted to be etTected by the use of two steam cylindei-s, one 
smaller than the other, with pistons fitted to each, and 
whose united action is described in the above specification. 

Tlic patentees have also elfected a considerable saving of 
the fuel usually employed, by an improvement which evi¬ 
dently possesses very considerable advantages. 

The coal is admitted into the furnace by a hopper or mouth- 
I)iecc, so that it may fall into tiic firc-])lacc above the bars, 
as the fuel is expended. From the upper side of the 
hopper a stream of fresh uir rushes dowmwards on the fire, 
and by the adoption of this plan a large portion of the smoke 
is converted into flame. 

E. CAurwRiGHT, St. Mary-le-Bonc, Feb. 5, 1801. 

Tlic engine here described was never, wc believe, fairly 
tried, at least judging from the simp^ity of its parts, capa- 
hilitv of control, and great portahilty, it is not too much to 
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suppose, had its merits been better knot^ it would (with 
some modifications) have come into more general Use. 

\l'. Hask, SaxthorpCj Norfolk, May 14, 180L, 

After leaving the cjliiulcr in order to be condensed, the 
steam is in this apparatus condiu tcd through a vessel con¬ 
taining a number of metal pipes filled with water from the 
condenser. This being surrounded by the steam, imbibes a 
portion of its caloric, while it facilitates the process of con¬ 
densation. The water thus heated is immediately conveyed 
to the boiler, which is preserved at the boiling point by a 
small addition of caloric. 

M, Murray, Leeds, August 4, 1801. 

This patent comprises six principal objects: First, by an 

improved air-pump, the gaseous matter is discltargcd from 

the cylinder without any efibrt in opening of valves, or 

pressing through a body of water; and it also causes the 

water and air to be discharged separately and by different 

* 

ways: this is efTected by taking out the air alone by a 
.bucket, and the water alone by another, or by an eduction- 
pipe twenty-eight feet long. The second principle is an 
improved method of packing the cylinder's lid, stuffing- 
boxes, &c. by bringing the moveable parts of each in im¬ 
mediate contact; this is effected by placing the necessary 
packing on the upper side of the cylinder lid, which prevents 
the piston-rod receiving friction from any oblique pressure, 
by the lid being screwed down more upon one side than the 
other. 

The two next improvements relate to the construction 
and circular motion of the valves, the uppermost two being 
inverted; and;^e valve-rods are made to pass through the 
reservoirs of oil, or 0 |her fluid matter, which effectually pre¬ 
vents the air from inA||^ting itself into the engine. 

The next principle ^|inew method of connecting the 
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piston-rod ta tte'pandlel-inntioo; aiul tbe last rdates to the 

confltroction of fire-places, by which tbe smoke ari^ng from 

tbe fire is consumed, and made part of the fuel ^ on this 

* 

latter head, however,* Messrs. Brunton, Parkes, and Losh, 
have made considerable improvements, so much so, indeed, 
as to supersede the application of this clause in Mr. Mur¬ 
ray’s patent.* 

J. Bramah, Pimlico, Nov. 28, 1801. 

this engine Mr. Bramah employed a four-passaged cock 
wK the emission of steam from tbe boiler, which in this 
is made to enter into a hollow at the large end of the 
cone of the cock, and to pass away to the condenser by b« 
passage at the smaller end of tbe cone of the cock. By 
this means the metallic fitting is always rendered perfect, 
the plug being pressed into its scat by the force of tbe 
steam, acting upon a surface equal to the small end of the 
cock, from which the pressure is relieved. Mr. Bramah, 
also, makes his four-way cock turn continually in the same 
direction, by which means the same effects are produced as 
by turning it backwards and forwards, but the wear is ren¬ 
dered more equable. 

1 

W. Symington, Kinnaird, Stirlingshire, Oct, 14, 1801. 

For u rotatory and other motions, without the interpositiem 
of a lever or beam. 

J, Sharper, Bath, Jan. 28, 1802. 

R. Trevithick and A. Vivian, Cornwall,* 

March V 1802. 

The high-pressure engines of Messrs. '^\'ithick and Vi- 




* This |iateat was, we beUeve, set aside by facias instituted 

by bis Majesty’s Attoruey General, at the injfe of Messrs. Boulton and 
Watt, who bad previously practised some tfain^|ifetalned in Mr. Murray s spe¬ 
cification. 
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vian, were expressly intended for the propelling of carriages 
upon rail roads. W’hen employed for this purpose the boiler 
was composed of cast iron of a cylindrical form. This was 
mounted horizontally upon four wheels, the cylinder of the 
engine being placed vertically in the end. Two connecting 
rods, descending from the cross bar of the piston, were 
then made to communicate motion to the wheels by means 
of a crank ; no fly-wliecl being nccessarj*, tlic monicntuin 
of the carrijige carrying the cranks past the lines <jf the 
centre. 


M. M ruuAV, Leeds, Yorkshire, June 2S, 1802. 

* This patent, which was for a portable engine, conibining 
some of the most useful of Messrs. Roultou and Watt’s 
inventions, was at their instance repealed in the follovung 
year. 


T. Suvr, liristol, Dec. 21, 1802. 

The j>rincij)Ie of this ineenlion may be tints (!cscril)od : 
at the bottom of llic boiler an opening is made nearly as 
large as the Hue; on this opening fixed a tube, throiigli 
which a communication takes place Ix'twcctj that part of 
the £irc-j)lace in which the flame rises or circulates, and the 
interior space of tint boiler in which steam is jiroduced for 
the supply of the engine. This aperture may remain open, 
but^lr. Saint rccoinmends the application <)f u safety-valve 
80 placed that no part of the heated uir contained within the 
boiler shall be pertnitlcd to escape through the opening, but 
thal the flame frofai the furnace mav be admitted us ofieu as 

‘'ii • • 

a reduction in the elasticity of the compound .steam will atl- 
nut. 

V 

M.billingsi.ev, Dec. 22, 1802. 

The usual mode j^'rforating and finishing cylinders, 
through the agency of aU borizoiital apparatus impelling the 
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Iwrer in a verticdl dircctiotij is upon many accounU incon¬ 
venient, the sp.nd and l)orin^s occuj)yin" otie side of the cy¬ 
linder, and wciirin:^ uwny the ed^cs of the cutter. IJy the 
application of :Mr. liilliii'^slcy s iipparafns, this process i.s re¬ 
versed l>y cjnisin^ llic borcT to revolve in an horizontal direc¬ 
tion, and tlujs jilhiviijc the? s;ujd tS:c. to fall fryelv to the lower 
o|H’!iing in the cylinder. In this method, the finishing part 
of the ciitt(‘r i> en(|>loyed upon a (,’lvan fare of metal, and 
not onciinihercd witli the eutliiu^s, the borer p;oes 

coinj)letely thronirh, vvithotit any Jittention being, necessary. 


.1. Li:\(n, Mcrtf»n Abbey, April 7, 18f)3. 


\\'o<»i.F, W’ood Slicet, Spafields, duly 20, 1803. 


An iu‘count of the above patent hw an improved mode of 
< jiiveriing water or (Uhoi tbiids into stcnni, wiH be found 
to the do^cripti(ln of Mr. MMolf’s ciigine. 


B. Don'vin, Dartford, August 3, 1803. 

A rotatory nuilion is here j^roduced by the application of 
steam below the surface of a vessel of water, coutaiuing a 
iuKAet-wheel, the ela.-^tic fluid acting upon each bucket in 
.succession. These, when filled with and reiulcrcd buoyant by 
(In' steam, will ascend with cousidcnible force, caiTying with 
them any otiier moveable jijjparatus to which they be 
attached. 

W. Frkkmam'I.k, lloxton, Nov. 1^^1803. 

The fust improvement described by Frecmantlc in 
this specification, consists in making tiie.^am cylinder or 
rvlinders in such a manner that the diameter of the bore 
.shall be about equal to tlic length of tlj^-strokc, by which 
means the friction will be considcrab^reduced. 

Another part of Mr. FrcemaiUl^’l invention is an universal 


circular valve, u']»icli, when the engine is at work, vibrates 
on its axis forty-five degrees each way, and by its altcnmte 
oscillations admits the steam uniforinlv above and below tlie 
piston. When the steam is-ndmitfed intt> the top of tljc 
eylinder, the bottom eonVmnnicales witii tlie condenser; and 
r/ec I'ersa, *“ 

When the steam is only applied to the bottom of the 
piston, ns in thb atmosphyne engine, two steam cylinders arc 
to be employed instead of one, and by this means the ft>rce 
of riie engiue is 5o nearly equalized as to act wiili a nmch 
smaller fly than is usually (‘niploycd. In llic latter ca^e, 
however, the pistons of the cylinders are made to act on the 
two arms of a cmnk, ]ilaced at right angles to each other; 
and the valve is not to vibrate but rev(jlve on its axis, making 
^i^turn to each stroke of the engine. 

$Th (i^^pirallcl motion employed in Mr. Frcemantle’s cn- 
ginc^isejicxt described : tld'^ he ctlccts b\ tiiy application of a 
compound lever. 

Anotficr iinj)roveinent is in tlic eold-wator pump; this 
consists hi jdaeing an air-vessel so as to communicate with 
the ascending column of water immediately Ix low tlie 
lower valve of the pump. Now it is evident, that before 
water can be raised into the barrel, a partial vaeinini will be 
formed in the air-vessel, the amount of which will depend on- 
the height of the vessel above thc^sinfuce of the water iiMhc 
wellf In pSfiips of the ordinary construction it sometimes 
happens, velocity of the piston exceeds that of the 

water: hcnc^ fc iblent concussion is produced highly detri¬ 
mental to the ra&.innd connecting apparatus; this is pre¬ 
vented by the a^^ion of Mr. Frccinanlle's improvement; 
for, instead of i^mcuum being formed below the pi^ton, air 
will be cxtractcdM^i the air-vessel; and, as the piston de¬ 
scends, the pressuire^thc air rui the surface of the water in 
the well not being cod^l^balaneed, M'iil continue to rise in 
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UiG vessel till the equilibrium is restored ; and when the 
piston ascends again, the barrel will not only be supplied by 
the pipe, but also by the air-vessel. 

R. Wn.ixux, Bristol, April 30, 1801. 

The improvement tor which this patent is taken out, con¬ 
sists in lessening the consumption of fuel by tl.o application 
of vapour in a high state of elasticity; and in an addition to 
the chimnev flue of a furnace, bv which the descent of the 
smoke and heated matter to a lower level than that of the 
fire-place is roguiiitod and adjusted at pleasure. 

As the caloric which escapes by the chimney in various 
manufactories is very cousiilcrable, and, according to Mr. 
M'illcox, more than sufllcicnt to work an ordfhary steam en¬ 
gine by condensation, be fuuls it !m)st advisable to load the 
safety valve, and construct the engine of the requisite strength 
to hear an ela&ti((; action of from liftcen to one hundred and 
fifty j)ounds on the inch ; and in this manner the machine is 
norked by its elasticity oijly. By this application of the steam, 
the patentee states tliat the power of a four-inch’ cylinder 
may h<? made to equal that of one twelve limes its diameter. 

Among tlic advantages derivable from the use of this en¬ 
gine, it is said that the consbint heat of the cylinder and 
- tlu‘ pipe that leads to it, which can never come in contact 
with the cold water, aiul the increasing heat of^the water in 
the cylinder, which soon acquires a high tett>perature, and 
then coiitintics its place, by its diminishedT^lilcific gravity, 
must tend in the highest degree to preveg^ wasteful con¬ 
densation of steam. - 

A. Woolf, W'ood Street, Spaficlds, 1804. 

This engine is in many respects sitpitihr to Mr. Horn- 

V • • • 

blower’s, with the addition of cmpleyibg steam of a high 
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‘pressure, and in pr(»|>ortioning tlic onpucitics of the two cy¬ 
linders to tiie increased expansibility of the clastic fluid, nr- 
cordini; to iiis (ublc. Mr. ^\Ooll, in his speeifiealion, states 
that he lias nseortained by iutnul rxperitnent that steam 
actine^ with the expansive fone of four pounds upon the 
stpmrc inch, aijaiust the .safety valve, exposed also to tlie 
weight of the atmosphen', is ea[)iib!(^ of expanding itself to 
four times the volume it tlien orc n|)ies, and would still be 
equal to tlic pressure of tlic atmosphere ; stt, in like maitner, 
quantities of steam of six, seven, eiglit, ^ce. pounds the 
stjuare inch, can expand tliemselves to six*, seven, or eight times 
their volume, and still be ctjual to the atmosphere, or eapa- 
We of producing a suflieient action airainst the ])istnn of a 
steam engine, to produce the uj)waitl action in Newcomen's 
atmospheric engine. 

Anenginc constructed on Mr.M\)iiIt'*s plan, must have two 
steam t^essels of different dimensions, according to the tem¬ 
perature, or ex[)ansive force, to la* eonimnniiated to the 
steam. Each steam vessel should be furnished willj a pisl»)n, 
fitting air-tight, and the smaller cyliriders sluudd have a 
communication bolli at top and bottom with the lioiler which 
supplies tlic steam, capable of being opened and shut during 
the working of t!ie engine. Tlic to]) of the small cOindcr 
having a coninumicntion with the bottom of tlu* larger cylin¬ 
der, and the bottom of tlie smaller with the to]) of the larger, 
with proper ‘:i|ucaijs to open and shut these altcrnattdy by 
means of coiSB|and valves. A communication siiould also 
be formed by 'S^ainc means between tlic larger cylimlcr 
and a condcnsinj^»sscl, into wliich a jet of water is ad¬ 
mitted to render condensation more complete. 

When the engine is at work, si cam of liigli temperature is 
admitted from t!|cbpilcr, to act by its elastic force on one 
side of the smalfcr pisfioii, while tiic steam which had last 
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moved it bas a comniynication with the larger steam vessel, 
now moving towards that end of its cylinder which is open 
to tlie condensing vessel. 

If both ])istons end their stroke at one time, and both arc 
placed at the to|) of their respective cylinders, ready to de¬ 
scend, then the steam entering above the smaller j)iston will 
carry it tiownwards; while the steam below it, instead of 
being allou ul to escape into the atmospiicrc, will picss into 
the larger cylinilcr ab(wc its piston, which will take its down¬ 
ward stroke at the same time witli the piston of the smaller 
cylinder. Botli pistons having thus reached the bottom of 
their respective cylinders, the steam is to be shut olY from 
the top and admitted to the boUoiii of tlie smaller cylinder, 
and the c(nnmimieatioii opened between dm top of the 
smaller and the l)oitom of the larirer cvlinder 5 the steam 
whieli, in tlie (kiwnward stroke of the engine, bllcti tlie 
larger evlinder, piang now open to the condenser, and the 
cominut]*[?ation between the bottom ot the larger cylinder 
and the coiulen>er shut oil', and so altcniaiely admitting the 
steam to the diiicrent sides of the smaller piston, while the 
steam last admitted into the smaller cylinder passes alter¬ 
nately to the different sides of the larger piston, the top and 
bottom of which arc made to communicate alternately with 
the condenser. ^ 

J. UioKn, Belfast, March 26 , J805/ 

The Iniprovenicnts described in this spet’ypISAtiou consist, 
first, in lining the steam-cylinder with metal, similar 

to peuter, of asnflicient thickness to of finishing its 

inner surface by draw-boring, &c.; secondly, ia n])plying a 
hollow \>iston'rod, answering the purpose “of an ednetion- 
pipe ; and thirdly, in the onler ol' tjpcniiig and slinking the 
valves. The last and most important part, however, of 
Mr. Rider’s invention rt’(|iiircs a move particular tlescriptic n. 
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^po’n at» h®ri 2 ontnl arbor, which may be denominated the 
main arbor, arc placed three wdifcls, a drum or barrel, and a 
pinion ;pnc of these wheels, that is to say the main wheel, is 
fitted by means of a socket upon tlie main arbor, so as to 
revolve upoh its. axi.<, and has tcetii both upon the exterior 
and interior periplicry of its rim. ^Within the circle of the 
Interior cogs of this wheel a pinion is fixed to the arbor, its 
diameter Ivcing onc-,third of tjbe interior diameter of the 
main ivhceL Tlic moveable barrel turns freely upon the 
main arbor, and it carries a cord, with a weight hanging at 
its end similar to a clock-weight. Be^des this the ends of 
the bnrrcl are pierced with two orifices, each at about half 
the exterior radius of the main wheel from the arbor; these 
apertures serving ns pivot-holes, wherein an arbor turns, 
carrying a wheel, of which the diameter and number of 
teeth arc equal to those of the pinion : the latter wiicci may 
be called the barrel-pinion ; its teeth work in the teeth of 
the pinion, and also in the interior teeth of the main wheel. 
By tliese means the barrel may be turned round upon tlie 
main arbor, while the arbor itself is tnrne<i by tlie pinion. 

The exterior teeth of the main wheel turn the pinion «>f a 

« 

scapcment-wiicel aixl pallets. Near one end of tlic main 
atbor there is a ratchet-wheel and click ; and near tin* other 
end a wheel, which Ls acted upon l>y an endless screw upon 
an horizontal shaft, worked by the usual motion of the en¬ 
gine. This ^rangement .serves to regulate the rate of the 
engine's moffcp; for the turning of*tiic worm-wheel, last 
described, causes the weight to be raised which hangs to the 
Cf>rd winding barrel; and this weight is connected 

to one end of a lever, the other etjcl of which is attached to 
The steam %'alve, so that its elevation depends upon the 
height to which the weight is raised. The aperture of thi.s 
valvA^ Tor tried like an inverted cone; and while this valve 
shuts and o)K*ns twice at every stroke, the lever does nut 



prevent such opening and shutting, but merely Jiinifs^Uio 
exlcnt of the opening by the action of a rod ccftihcctcd with* 
it; so tliut when the eight is liiglnSst,.the valve is least 
opened, ami vita irrsa, little power is lost by thCse means, 
and the speed of the engine can he iiecar.atcly',i*cgnbitcil by 
adjusting the length of'the pendulum lo the u'rningement of 
Xeeth in the wheels uiicf pinions, * 


d. Ilf^awnLowKRj 


^enryIl, March 2C, 1805. 


I'his steam wheel which diilcrs consulcTablvfrom Mr.Horn- 


‘blower’s'jtrior patent'for a rotatory motion, consists of tiirec 
principal parts ; The external cireulur case, which is shaped 
like a irlohe, from which about forty degrees are cut off at 
each pole; secondly, a [.'artitioji which divides the case iiito 
two parts transver.''cly in the [>luuc of its axis; and thirdly, 
the i]iov(*able or circulating parts winch are analogous to the 
piston in the common steam engine. To form an idea of 
these last, we must conceive an lu)llow nave attached to an 
hori/ontal axle, which nave is pierced willi two pair of cir- 
eulai* liolcN on its cylindrical surface, each pair corresponding 
ill opposite sides to each other; tlnxmgh these holes pass 
radii, moveable round ihcir own axis fur one-half a circuit, 
to wiiicli are attached Hat ynadrants, placed so that the 
platuis of those at (tp]>osite sides c»f tlie nave should be at 
right angles to each oilier. By tliis arrangement, \Wien one 
of them is ]>laccJ so that its plant shall be at right angles to 
the axis of the nave, the plane of the other will coincide with 
that of the axis. In the partition which forms the second 
]>rincipal part of the engine, are two cavities at opposite 
sides of the centre, one of which corresponds exactlN to the 
shape of the greatest sui face of the (juadrant; the other is 
much smaller, and only admits the quadrant OLlgeways ; 
these cavities are continued in u sort of case of same 
shape, for unc-fuurll) of the circle on cacli side, by which 
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mearft there are always two of the qiiaih-ants, or the greatest 
part of them, working in each cavity at the same time. 
The quatiraiils arc made Iiollow so as to admit of their being 
stiifTcd Ilf their etlges, jls is also the recess in which they 
circulate. 

From this it will be seen that the external circular case 
is divided by the partition and the quadnmtular pistons into 
two separate chambers, eacli steRiii tight; into one of these 
chambers a pii)e is conveyed from the boiler, and from the 
other chamber another j»ipe communicates with the conden¬ 
ser ; now as the quadrant which occupies the greater cavity of 
the partition opposes a much greater surface to the pressure of 
the steam than that which lic> edgeways in the smaller cavity, 
it will be forced forward towards the cold chamber, in 
which, when it is arrived, it meets a sloping block so shaped, 
that in passing it it is turned round one quarter, or so us to 
be at right angles to its former position, anti tlius enters the 
smaller cavities edgeways, while by the same movement the 
opposite fjuadrant is tunied flat across the entrance of the 
larger cavity of the partition, and on entering it is impelled 
in its turn by the steam, as before descrilied, 'I’he axis, tn* 
arbor, on wliich the nave is fixed, which sustains tlie quad¬ 
rants, passes through the outer case in an horizontal direc¬ 
tion, and to its extremities arc to be fi::c<l those wheels 
which fire to give motion to the machinery retptired to be 
worked by the steam-wheel. The oiUer^case is fixed.in a 
vertical jwsition, and has a flat plate cast at the part in¬ 
tended to be lowest, by wliich it may be bolted to the floor 
of the building in which it is erected. It is formed so as to 
separate into three horizontal sections, the middle one of 
which is for the purpose of admitting and properly fastening 
the partiUoa with its stuffing boxes ; the upper section 
sen es as a lid, and all are secured to each other by flanches 
and screws. 
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W. Earls, Liverpool, March 26, 1805. 

J. C. Stevens, May 31, 1806. 

This patent is for a hit^h-pressure boiler, resembling Mr. 
Woolf’s; it may be thus described. Suppose a plate of 
brass, of one foot square, in which a number of holes are 
perforated, into each of which is fixed one *'nd of a copper 
tube, an inch in diameter, and two feet long, and the other 
end of the tube inserted in like manner into a similar piece 
of brass: tlicsc arc to be enclosed at each end of the pipes 
by a strong cap of metal so as to leave a small space between 
the plate and cap. The necessary supply of water is then 
to be injected by means of a forcing pump communicating 
with one. of the caps, while the steam is conveyed from 
the other to the required point. 

A. Brodie, May 31, 1805. 

The cast-iron boiler invented by Mr. Brodic, may be con¬ 
structed of any dimensions, and the iron plates of wJiich it is 
composed are made with flanges oLthc required size, and 
put together with rivets and screws. To prevent the boiler 
giving way by the force of elastic vapour, it is strengthened 
by WTOught-iron stays, and the vessel thus made is supported 
by iron legs, so that the fire is allowed to communicate ivith 
I he whole of its lou er area without being connected with 
the brick work with which it is usually surrounded. 

James Boaz, Glasgow, July 2, 1805. 

This patent is for an improvement on Savory’s engine, 
which Mr, Boaz eficefs by separating the steam fi’om the 
water to be raised. For this purpose he employs a floating 
piston upon Papin’s plan, and such an arrangement of the 
forcing pipes that the repellent force of the steam is always 
acting upon the same body of water. 
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• A. Woolf, SpaficUis, July 2, 1805. 

. To prevent the dani^er attendant on tlic use of Mr, 
Woolf’s high-pressure engine, he in tliis patent recom¬ 
mends the use of oil, or the fat of nniinals placed in the 
i-eceptaclc, which in his former patent coiilaiued steam of 
great elasticity. The vessel employed to contain these 
fluids forms a complete ease or envelope to the working cy¬ 
linder, so that the whole is inaintaiiKxl at one uniform tem¬ 
perature, which is to be kept np by a fire uniler or round 
the receptacle. By this airangcmcnt, the necessity of enir 
ploying steam of a great expansive force is <ibviated, and 
steam of a comparatively low temperature will produce all 
the effects that can be obtained from ^tc■atn of a high tem¬ 
perature, without any of the risk with which the produc¬ 
tion of the latter is accompanied. He also projioscs a 
method of preventing tlie passage of any of the steam from 
that side of tlic piston wliich is acted upon iiy the steam, U) 
the other side which is o[)cn to the condenser. In the 
double-action steam ^giucs he effects this by employinpr, 
upon or about the piston, a column of inercury of an alti¬ 
tude equal to the pressure of the steam. In working the 
single engine, a less considerable uliiludc of metal is re¬ 
quired, beoause the .steam always acts on the iqiper side of 
the piston; and in this case oil, or the fat of animals, will an¬ 
swer the purpose sufficiently well, and at much less cost. 

W. Deveuell, Blackwall, August. 2, 180r>. 

This specification describes an improved construction cjf 
the firc-place, an improvement in the cold water pump, and 
a saving in the method of apjilying the steam. The prin¬ 
cipal of these is that of connecting the steam-boiler with 
three iron cylinders, filled with water instead of placing it on 
brick work. In describing tlic peculiar utlvanlagcs resulting 




fio^n tikis part of the invention, Mr. Deverdl says, In the 
present mode of setting boilers, the brick work* underneath 
them is attended with frequent repairs, owing to the action 
of the fire upon them ; nor is this expense the only incon¬ 
venience : the whole concern is, for the time that they arc 
repairing, completely stopped.” These inconveniences Mr. 
Dcvercll proposes to remedy by the adoption of metallic 
8 Up|>orts for the boiler. 

As a more economical mode of applying the steam, Mr. 
Dcvercll, like Mr. Woolf, proposes to have two working cylin¬ 
ders placed near to one another, each having a pipe of com¬ 
munication, with a large vessel in which the steam, after pass¬ 
ing from the small cylinder, is suffered to expand itself before 
entering the large cylinder. The pistons in the two cylinders 
M’ork alternately up and down by means of valves or cocks, 
opening and shutting as in the common engine. Suppose 
the small piston h^ made a stroke, and a passage is opened 
to the steam vessel at the end of the stroke 5 at first begin¬ 
ning to work the engine the vessel will be full of steam of 
about eighteen pounds pressure, admitted from the boiler, 
but afterwards will only be supplied by the steam thrown in 
from the small cylinder. If the steam in the boiler be of 
forty-fi)ur pounds pressure per square inch, the ratio of the 
two working cylinders may be as one to thrcc,^ for then 
the smaller one will supply the larger with steam of about 
eighteen pounds pressure. 

The improvements tlius effected consist in a saving of the 
pressure of the atmosphere, and in the steam which would 
otlu rwiso be discharged and useless going from the smaller 
working cylinder to the steam vessel, and from thence to the 
larger working cylinder, from which it is afterwards drawn 
off and condensed. 
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S, Miu-br, Grease Street, St. Paucras, Oct. 30, J805. 

.1, TRorrER, Solu) Square, Xov. M, 1805. 

A. Flint, Northampton Street, Nov. IG, 1805. 

This engine, which may be used eitlier as an hydraulic ma¬ 
chine, and impelled by a continuous stream of watiT, or as a 
rotative steam-engine, consists of two hollow cylinders, one of 
which is so much smaller than the other that it mnv lie within 
it. They are botli to be turned true, and placc'd concentrically: 
they are also furnished with ihit steam-light tops and bot¬ 
toms, eitlier cast \\ith them, or fastened l)y screws. 7'hc 
inner cylinder has a partition in its middle parallt*! to its top. 
It revolves within the outer cylinder, and lias a pipe passing 
through the centre of its top and tliat of the outer eyrni{Icr, 
from its upper division, in the latter of whicli tops it is 
made steam-tight by stufling boNcs. ^’his pi[)C commu¬ 
nicates with another, that j)as.ses to the boiler, having the 
parts in contact with it also made steam-tight so as to admit 
of its circular nmtion. ^(^Vnother pi|)e, in a similar manner, 
passes from the lower division of the inner cylinder through 
the bottom of the outer cylinder, to form a eoimeetiim with 
the condenser. 

From the side of the inner cylinder [irojccts a piece similar 
to a piston, which fills the section of the cavity in the line of 
the radius, between the two cylinders: this rectangular 
])iston is so contrived, that it may be stufi'ed round tiie 
edges and be made steam-tight. 

The outer cylinder has two scmi-cylindricul cavities cast ia 
its sides opposite to each other, with their open parts turned 
inwards ; each of which is of suilieient size to admit within it 
a portion of a smaller cylinder, uliich is placed upiiglit be¬ 
tween the two large cylinders. In these spacer arc placed 
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valves, which retire alternately into the lateral cavities of the 
outer cylinder to admit the piston to pass by them. These 
valves coiisisi each of tlic segment of a cylinder of the 
height of the inner cylinder, connected with a circular t<^ 
and bottom, turning on centres; and an axle from each 
passes through the top (jf the outer cylinder, through steam- 
tight joints, by which it may be turned round from without. 

At one side of the j)iston a perforation is li.ade into the 
iipi>cr cavity (>f the inner cylinder U) admit the steam ; and 
at the (Hhcr side of the piston a similar perforation is made 
into the lower cavity of tlic inner cylinder to form a com¬ 
munication M'itii the condenser. An arm also projects from 
the revolving steam-pipe, whicli as it moves round strikes 
against other arms projecting from the axles of the valves, 
and opens them in succession, while connecting rods passing 
between tljc arms of the vah es and otlicr arms, are so ar¬ 
ranged as to close one A alve when the other is opened. The 
steam ht'ing now admitted will puss on from the steani-pipc 
through the uj)per eaviry in the inner cylinder, to the space 
interci;ptcd between tlic two large c^inders, the shut valve, 
ami the piston, and Avill impel the piston round till it has 
jiassed tile open valve; after which the revolving arm before 
inetilioiiecl closes the open valve, and opens the shut valve, 
M liieh operation is successively repeated. In the mean time 
ilk; confined steam enclosed in the space first mentioned, 
escapes at the opening of the valve into the lower cavity of 
tlic inner cylinder, and from thciicc to the condenser, and 
ihus maintains that inotjuality of pressure at the opposite 
sules of tlie piston which causes it to' revolve. 

R. Mhuxox, Lambeth, May 21, ISOG. 

Mr. Willcox*s improved steam engine consists of an outer 
fixed cylinder, and an inner revolving one, each furnished 
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wilb pallets of Cocks, which in passing each other m moved 
so aS’ {o recede from cuch Oliver’s way; bxU in other parts of 
the cii'clc they project so as to traverse the space between 
the two cylinders, and form steam-tight pavilions, one of 
which being fixed, and the other moveable, tlie steam forces 
the latter round, and with it the moveable cylinder, the ams 
of which gives motion to the machinery for which the en¬ 
gine is erected. On one side of the fixed pullet is a valve, 
which by a pipe communicates with the boiler, and on the 
other side is placed a second valve which leads to the con¬ 
denser. The ends of the cylinders arc made steam-tight by 
rings M'hich press the packing against them ; and llic edges 
of the pallets are made steam-tight by the intervention of a 
hempen cloth. That part of the surface of the cock wliich 
comes in contact with the revolving cylinder, lia% a groove 
cut down it, into which a piece of metal is fitted, that is 
pressed against the cylinder by scrcu’s, so as to come in 
close contact with the revolving cWindcr. in oa^cs where.* 
tiiisengiue is employed to raise or gi\c motion to any fluid 
introduced within its ii^crior chamber, the cHects pnaliicetl 
w'ill be similar to those (if a lifting or forcing jiump, and it is 
likewise applicable to all engines which operate by giving 
motion to fluids. 

IL Dodd, Change Alley, London, June 6, 18()G. 

W \ NichOcsox, Soho Square, Nov. 22, 180G. 

The method idr which steam is directed to he applied in 
the specification of thi^ patent, is similar to that in whicli 
water acts in the ancient instrument called the water-blast, 
and in the same manner will impel^forward air, or any othej; 
gaseous substance, in contact with the perforations of the 
lube through which it passes. The apparatus employed by 
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Mr. Nicholson consists of a boiler, from the top of whiclf a 
iioriZontal tube passes in a direction pcrpcndiculaHy over the 
centre of an air receptacle, when it bends d 0 ijV 4 wards for a 
small distance,»thatJ;hc current of steam proceeding from it, 
may enter a vertical pipe beneath it, the lower end of whidi 
passes a little way underneath the water, with which the air^ 
receptacle is about half filled. The use of the water in thO ^ 
air reccl)tacle is by condensing the steam to separate it from; 
the air, so that the latter may pass on freer from any aqueous 
mixture than it otherwise would. A way is described of ap¬ 
plying this Operation of steam, in forcing air forward, to aid 
the water-blast, in which the water is made to pass through^ 
the side apertures of the descending pipe from an external 
vessel, while the air pressed forward by the steam, passes 
down a pipe which enters a small way into the njipcr part 
of ilie same descending pipe. 

H, Mavdslav, Margaret Street, Cavciidish Stpiarc, 

June 13, 1807. 

These improvemcnis, as u’ill be seen by reference t(X the 
plate and description, consist in reducing the number of 
parts in tlie common steam engine, and so arrai^ing and 
connecting them as to render it more compact and portable. 
This is eHected by employing metallic frames, beams, &c. 
instead of wood, briek-W'ork, and other materials usually Ap¬ 
plied to that purpose. 

T. Pkkston, Toolcy Street, Borough, Jai. 26, 1808. 

A new method of setting boilers. 

T. Smith, Bilston, Staffordshire, June 3. 1808. 

T. Piuci:, Bilfllon, Aug. 2A, 1808. 
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T. Mbad, Yorkshire, Aug. 24, 1808, 

This patent is for a rotative cnctine, niul the inventor 
employs two moveable pistons which alternately revolve 
roaud tlicir axes or centres. T{) eifect this, two cireiiliir 
plates or shells of ineial aiv iiuuio siniihir in their construc¬ 
tion, each of which has a flaneh and a semi-circular cavity 
formed for the n*ception of tlie pi'^tons. A liollow part 
is also formed round the centre of each for a small cir¬ 
cular plate to turn in; and near the Vdee of this rtTC.-'S 
a small groove is made containing tl»c requisite packing wad¬ 
ding, tee. On the outside of each of the metallic shells 
there is a hollow pipe or boss for the reception of two spin¬ 
dles that pass through tliem. I’wo lioies arc also made 
through one of the plates for the iiisciiion of pipes, one for 
the purpose of conveying steam into the shells, and the other 
for conducting it from them into a condenser. One of the 
shafts or spjndlc&is made hollow, permit the other to pa^s 
through it. To the lower i)ai t of each of these shafts a pis¬ 
ton is fixed; and each has also attached to its upper jtart an 
arm with a friction-wheel near its ouler exlrcmitv. When tlic 
pistons arc put in motion the friction-whctls work in, and 
cammuui^tc motion to the fly, and .other apparatus to be 
impelled. 

J. P, FfisENMEYER, St. Clcincnt Danes, June 15, 180i>. 

E. LANE,^hcUon, StafTordshirc, Aug, 9, 1809. 

¥ 

W. C. Englisif, Twickenham, Nov. 28, 1809. 

W, Noble, Battersea, Dec. 14, 1809. 

S. Clegg, Maucliester, July, 2G, 1809. 

For a rotative engine, the piston of which makes a comi)letc 
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tcvolution in a channel at a distance from the centre of mo¬ 
tion, Although this apparatus is exempt from some portion 
of tin? friction inherent in enqines on the rotative construction, 
it still remains more consideralilc than Mr. Clegg seems to 
suppose. I'hc difficulty also of making such an extent of 
surface air-tight, and the liahility of some of its parts to de- 
rangcincntj appear great drawbacks upon its ut.iity. 

U. Wiri'Y, Kingston-upon-Hull, Feb. 12, 1810. 

This invention consists in making, arranging, and com 
bining the reciprocating rectilinear inoti(»n with the rotative 
in such a manner that the steam-cylinders, with pistons 
moving in them in a rectilineal direction, do at the same time 
turn upon u horizontal axle or shaft. To effect this the pa¬ 
tentee employs four cylinders fixed at right angles to each 
other on a hollow nave or axle, by means of screw-bolts; and 
the pistons wfnking in the.sc cylimiers arc made tight at their 
extri inc ends by the usual packiflg. These pis^pns, which 
niv tirinly connected t<igethoi* in pairs, by reciprocating rods, 
must be made of such a weight, tliat a vacuum in one of the 
cylinders may easily raise them both together in a perpendi¬ 
cular direction. An axle which is fixed horizontally is ground 
'dr-tight into the hollow nave, like the key of a cock, willi 
iwo ducts or tubes in it; one of tliese tubes is placed at the 
upper side of ilie axle, and is connected M'ith the steam-pipe; 
the other is fixed on the opposite side, and joined to the 
pipe that leads to the condenser, Kuch cylinder is made to 
eonununieatc through the hollow shaft whcre'the two ducts in 
*'.c fixed axle (whicli resemble two water ways in a cock) 
correspond with each other, and at each half revolution the 
holes in the bottom of the cylinders open alternately into 
these two ducts. The hollow shaft must be made of sufficient 
length on each side of the wheel to admit of being supported 
in brass pivot holes. The cylinders and pistons being thus ar- 
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ranged, and one pair of tluMii being nearly in a vertical 
poaition, if the steam be admitted into the upper cylin¬ 
der by the*proper duct, its expansive force will raise 
this pair of pistons, and thus destroy the equilibrium of the 
wheel, producing a rotatory motion. In revolving, each of 
the cylinders Vill be filled with stcuin from the upper duct, 
and discharged when they descend to tiic lower one. I’hus 

after the evlinder has cleared itself of air tit the commence- 

• • 

ment of its operation, the* lower cylinder \c ill be under a va¬ 
cuum, while the upper one couueetcd witii it, will be receiv¬ 
ing steam from the boiler. Hence the pistons will evidently 
be constantly receding from the eeiitre on one side of the 
wheel, and approaching the centre on tlic'other, thus pro¬ 
ducing u eoutinuous motion. 

A. Wooi.F, Lambeth, June *.>, IHIO. 

The working cylinder for tlii.s engine has no bottom, but is 
enclosed in another cylinder of such dimensions, tliat the 
space between the two is equal, at least, to tlie eonteuls of 
the Working cylinder, the lower rim of which Ls about llie 
same distance from the bottom of tlie enclosing cylhukr us 
the sides ef the two cylinders are apart. * 

Into Ae1#uck>sing cylinder such a quantity of oil or fat is 
pat, as shall, when the piston is at its greatest height in the 
working cylinder, fill all the space beneath it, and also 611 the 
enclosing vessel to the heiglit of a few inches above the lower 
rim of the working^yliuder. A small quantity of oil is also 
poured in abovsy^he piston. If the engine is to be open to 
the atmosphere^ tT^ enclosing vessel has a communication 
with the boiler above, which, when opened, causes the oil or 
fat to ascend beneath the |)iston as it rises; and when the pas¬ 
sage to the boiler is dosed, and tliat to the condenser opened, 
the pressure of the atmosphere forces the oil back again into 
the*enclosing vessel. In a closed or double engine, the com-. 
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niiinications from the boiler and condenser are to be to the 
lop of the workinjr cyliiHlcr, ntui to rhe* f>ott(»m of theeneW- 
sin^ vessel. In the event of evaporation, moans are to be 
provided by cocks, or valves, and a spring-[)ump, to keep 
tlid oil at a due hei;c!»t over the piston. thus interposing 
oil between tlio piston and slcaiO, both above and beneath, 
a considerable saving of steam, and consequently of fuel, is' 
effected. 

\{, WnTY, Kingston-upon-Hidb Oct. 30, 1811. 

This spcciriealum flcscribcs several improvements on a prior 
patent obtained by Mr. U'itty. 'J'liey consist prinoipalH* in 
n\akintr tlie pist<ni draw or force round the machinery to be 
w«nl<ed by if, whilst itself moves Ixuh in a rectilincrir and 
rolulorv <lircetion in a cvliudcr or steam-vessel, which also 
revobes upon an axis. 

To admit the acticni of the steam, nnd of tlic condenser, in 

the revolving cvliudcr, its a.\is is bored lengthways rft two 

places, so as to form two passages, each of which C()pimuni- 

<*atcs by lateral pip(‘s with the end of tlie cylinder opposite 

to the side of the axis in which it lies; the extremity of this 

piu foratcd ^xis is foniicd of a oonicail slm|)C, and turns in a 
* 

hr,\ niade to fit it, in tlie same manner that the revolving 
part of 51 eonim(»n cock turns in its b5irrel. From the upjier 
;Tart of this box a pipe p-issos to the steam-boiler, and from 
the lower part anotlier pipe proceeds to the condenser, and 
latcr:d a[K rrnres an? made throngh'*^hc sides of the axle to 
the two passages within it, w'hicli, as tha axle turns, altcr- 
nulcly cominunleatc with the steam-pipe and the pipe of the 
condenser in the box, in the same manner as a two-way cock 
is made to aCt. 

Several princijilcs are mentioned by the patentee, on which 
the cylinder prepared as above, can force itself round ; which 
are all of the nature of crank or eardioid motions. The first 
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of these principles stated hy the patentee effects a rotatory 
movement by the action of a movinir erroove on a fixtul cen¬ 
tre; which ijroove is placed at rit^ht angles to the cylinder, 
ill a frame that is connected with piston-rods proceeding from 
the opposite cuds of the cylinder, and of course partakes of 
their ultcrnating motion. Another ])iinciplc consists in the 
operation of the ends of piston-rods, proceeding fmm tha 
opposite extremities of the cylinder, on tiie outside of thcriin 
of a largo wheel, whose centre is placed at tlic distance of 
about half the stroke of the piston from the axis of the cylin¬ 
der. The rim of the wheel project^ so as to extend to the 
line of the piston-rods, wliicli are heijt ronnd to support fi ie- 
tion wheels outside it, that alternately come in cemtact with 
steps on the rim, and by them force round the wheel, by a 
motion similar to that which levers would cause, when made 
to press alternately on the outside of a Iicart-wheel, 

C , Broderip, Great Poland Street, Nov. 2, 1811. 

R. Fox and J. Lean, Bntlock, near ralnioutli, Dec. 10. 

. 1812. 

Tlic two|)rinciples on which the patentees jn-ofess to have 
founded their improvements upon furnaces, are, First, That 
an artificial blast will produce an equal quantity of heat with 
one-fourth less fuel tlian the usual open draught; and, Se¬ 
condly, That the separafiibn of that part of the boiler, whicli 
is immediately over the fire, will permit steam of a Jiighcr 
temperature to be collected, which might be advantageously 
applied in its passage to a lower temperature. In this con¬ 
struction the air for the consumjitiori of the fuel is not per¬ 
mitted to enter the lower parts of the firc-placp in the usual 
way, but is injected or forced through openings by machinery 
attached to the steam engiue. 





\V. Chapman, Murton House, Durham, Dec. 30, 1812, 

III this patent a moveable chain is employed to impel ear> 
riages upon a plain road instead of the crank usually applied 
to the carriaeje wheel. Mr. Chapman also employs an addi* 
tionoi number of wheels for the support of the carriage, by 
u’hich means a considerable saving in the cost of the rail-way 
is efFcctcd. • 

W. Brunton, Buttcilf y, Derbyshire, May 22, 1813. 

The pedestrian appar^itns or walking machine described by 
Mr. Brunton, is construckd to obviate the necessity of em¬ 
ploying an iron rail or carriage way. This he attempts to 
cOcct by the use of metal legs occasionally raised and de¬ 
pressed by the power of a steam engine similar to the motion 
of tlie human frame, when in tlie act of walking. That this 
however is not considered sufiicient, even by the patentee, 
we have abundant proof, and the specification contains a de¬ 
scription of various modes of connecting the machine with an 
indented mil, ike, any of which arc in the full as expensive 
as the common cogged wheel and tooth track road employed 
by ISIr. Blcnkinsop. 

R. Di^nkin, Penzance, Jan. 30, 1813. 

For lessening the consumption of steam and fuel. 

R. VVi iTY, Kingston-upon-HttJl, June 5, 1813. 

J. Barton, Tufton Street^ Westminster, Nov. 1, 1813. 

J. White, Leeds, Dee. 14, 1814. 

W. A. Noble, Riley Street, Chelsea, March 23, 1814. 

J. U. Rastkick, Bridgnorth, Salop, April I, 1814. 







T. Tixdall, York, Juno 18, 1814. 

For improvements in the ap]>!i(:ation of steam to the pro- 
of carriages. 

R. Dodd aiul G. SxrvrHENsoN, Killingworth, Norlhumbcr- 

laiul, I-eb. ‘J8, 1815. 

For iniprovcmcnls in the coijsiruction of locom(»tivc 
engines. 

W. Losn, Xorthumlxrland, April 8, 1815. 

The first object to be attained by the adoption of tliis jia- 
tent is a eonsideniblc saving in the eon>unipti(Mi of fuel eni- 
ployctl in heating the boiler, '^bhis tiie patentee proposes to 
eflect by employing two fiiniaecs, and tlins preventing the 
nsual current f)f cold nndeeornjiosed atniosplieric air from 
passing aU>ng with the heated gaseous matter. W'lien the 
atmospheric air in this undccomposcd state c{unes in contact 
with iron, and some otluT metals at a high <legree of heat, it 
has the cficct of «>.yidating their surfaces, both by its own de¬ 
composition, and by that of the water which it always ear- 
rics with it; and those oxidated surfaces separate in sucees- 
sivc coats of scales, till by degrees, the nietai is entirely cor¬ 
roded away, so that by the adoption of Mr. Losh’s plan, a 
< onsiderable saving in tlic expense of repairs and loss of lime 
in replacing the boiler is cniccted. 

M. Bii.uNGSLnY, Bradford, Yorkshire, April 20, 1815. 

R. Trevithicic, Cambronc, Cornwall, June 0, 1815. 

In addition to the packing usually employed in the high- 
pressure engine, Trevithick introduces a column or ring 
of water, which running round the piston renders the w'holc 
air-tight. By this means he avoids a great proportion of the 



Ajtpmdih, 39 

usual friction, a very moderate, degree of tightness in the 
packing, being in practice found sufficient to prevent the pas¬ 
sage of so dense a fluid as water. The second part of this 
invention consists in causing steam of a high temperature to 
spoilt out against tlic atmosphere, and by its recoiling force 
to produce motion in a direction contrary to tlie issuing 
stream, similar to the motion produced in a rocket-wheel, or 
to the recoil of a gun, by which means a rotative action is 
produced. Mr. Trevithick also describes three other improve¬ 
ments on the bigh-prcssure engine, the latter of whicli, though 
only applied to nautical-purfioscs, is by far the most iinpor* 
taut. It consists in employing a sjiiral worm oi screw si¬ 
milar to the vanes of a smoke-jack, which being made to 
revolve at the head or stern of tlie vessel, produces the re- 
ijuired motion. 

J. T. Dawks, Bromwich, Stafford, Feb, 6, 1816. 

The parallel motion usually employed is in this engine ren¬ 
dered unncccssaiy by the immediate application of the piston 
to a crank, whose arbor supports the fly-wheel, and commu¬ 
nicates motion to the connecting apparatus. 

G. F, Muntz, Birmingham, March 2, 1816. 

For a method of abating, or nearly destroying smoke, and 
of obtaining a valuable product thcrciVom. 

A, Rogek';, Halifax, March 23, 1816. 

For an improved method of setting boilers. 

W. Stknson, Coleford, April 9, 1816. 

G. Bodley, Exeter,"April 27j 1816. 

For an engine to work cither by steam or water, 
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J. Nbvillb, Northampton Square, Aug. 14. 1816. 

For a new and improved method of generating steam, 

W. Losh, Newcastle-upon-Tyne, Sep. 30, 1816. 

That part of Mr. Losh’s patent which relates to the locor 
motive engine, consists in an improved mode of connecting 
and supporting the apparatus by means of pistons working 
in steam-tight cylinders, which answers the purpose of a 
Spring carriage, and produces a continued cquilibrium^in the 
various parts of die engine., 

G. Mainwaring, Marsh Place, Lambeth, May 22, 1817- 

This invention consists in conveying the steam (after leav¬ 
ing the cylinder in order to be condensed] tbrongh a passage 
or passages surrounded with water supplied from the hot- 
well. In these passages are fixed a number of metal pipes 
or tubc^ which are filled with water from the surrounding 
casings, and which has its temperature increased by contact 
. with the steam passing to the condenser. The water thus 
heated is conveyed by a force-pump to the boiler, and a con¬ 
siderable saving of fuel is thus effected. 

John Oldham, South Cumberland Street, Dublin, Oct. 10, 

1817. 

For an improvement in the mode of propelling vessels by 
the agency of steam, 

Moses Poole, Lincoln's Inu Old Square, Decs 15, 1817. 
William Moult, Bedford Square, London, Jan. 1.5. 1818. 

John. Scott, Pengo Qace, Sorry, Jan. 23,1818. 

For an improved mode of propetiiog steam-boats. 

’r’Mte • 
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John Munro, Finsbury Place,•Middlesex, Feb. 12,1818. 


Joshua Routledgb, Bolton-lc-Moor, Lancashire, Feb. 27> 

1818. 

For improvements upon the rotatory engine. 

WrLLiAM Church, Clifton Street Finsbuiy Square, April 8. 

1818. 

Thomas Jones and Charles Plimlf.y, Birmingham, May 7> 

1818.. 

In this specification the patentees describe an apparatus 
intented to operate cither as a blast or steam engine, and the 
piston is rendered air-tight by means of a column of water. 

John Maum, Marsham Street, Westminster, Aug- 5, 1818. 

X 

« 

Sir William Congrev^e, Cecil Street, Westminster, Oct, 19, 

1818. 

The principle upon which elastic vapour is employed in 
this engine, consists in collecting its force beneath the pres¬ 
sure of a column of water or other heavy fluid, and its effect 
to produce motion will then be regulated by their re-acting 
pressure. 

To apply this force to the greatest advantage, this ingenious 
experimentalist recommends the employment of an apparatus 
resembling the overshot water-wheel, but in this case the 
wheel is immersed, in a fluid in which it is made to revolve, 
and the steam entering beneath the hollow boxes or float- 
boat is made to produce a continuous rotatory motion by its 
ascent to the surface. 

James Frasbr, Long-Acre, London, Nov. 12,1818. 

For improvements in the steam-boiler, 

* 
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Aichaud WRiGHT^Tokcn-Housc Yard, London, Nor. 14, 

1818. 

John Pontifrx, Shoe Lane, London, Jan. 7* 1819, 

John Seaward, Ketjt Road, London, April 3, 1819. 

For an improved mode of generating steam. 

Wii.MAM Brun'I'on, Binningbam, June 20, 1819, 

An account of%lr. Brunton’s mode of consuming smoke, 
will be found iu a preceding page. 

John Oldham, South Cumberland Street, Jan. 1.^), 1820. 
For improvements on a previous j>ateut, dated Get. 10. 

1S17. 

John Barton, Falcon Stjuare, London, May In, 1820. 

John Hague. Great Pearl Street, Spitalfields, June 3, 1820. 

John Wakefield, Ancott’s Place, Manchester, June 6, 1820. 

For improvements in the construction of furnaces by which 
a saving of fuel may be cfTcctcd. 

Wjlliam Brunton, Birmingham, 1820. 

For an improved mode of constructing furnaces. 

Job Rider, Belfast, Ireland, July 20, 1820. 

For improvements capable of producing a concentric and 
revolving eccentric motion, applicable to steam engines, &c. 

John Moore, Castle Street, Bristol, Dee. 9, 1820. 

For an ingenious, though we fear useless, rotatory engine. 
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WiLijAM PRrrcHARD, Lccils, Yorkshire, Dec. 22,1820. 
For a saving of fuel by the combustion of smoke. 

WiLUAM Ai.dersey, HomcrtoD, Middlesex, Feb. 3, 1821. 

Thomas Masterman, Broad Street, Ratcliffr, Feb. 10,1821, 

For a rotatory engine which we have already very fully 
described. 

Roheut Stein, Walcot Place, Lambctbj^cb. 20, I82U 

IIrnrv Penneck, Penzance, Cornwall, Feb. 27, 1821. 

For lessening ilu' consumption of fuel. 

Henry Brownj;, Derby, March 16, 1821. 

For saving fuel and consuming smoke. 

Aaron Mamiy, Ilorsclcy, Staffordshire, May 9, 1821, 

Tmomas Bennet, Bewdley, Worcestershire, Aug. 4, 1821. 

FiiANCis Aueton Egei.t.s, Britannia Terrace, City Road, 

Nov, 9,1821. 

Charij:s BRODERir, London, Dee. 5, 1821. 

.liTMUs Griffith, Brompton Crescent, Dee. 20, 1821. 
For an improved locomotive engine. 
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^iMract of Kvhlcnve and Reports made hy a Select Com^ 
mittee of the House of Commonsy on Steam Rngines and 
Furnaces, 

MICHAEL ANGELO TAYLOR, ESQ. 

In the Chair. 

Mr. Joseph Gregson, Surveyor, called in and examined. 

Was of opinion that the nuisance tliat arose from tlic smoko 
of steam engine furnaces might be attributed to two causes; 
one, the putting on the fire or furnace too much crude 
fuel at one time; the other, from the chimnics being com¬ 
monly too low, in proportion to the fuel consumed,—Had 
seen this nuisance effectually removed; but it had generally 
been attended with an increased consumption of fuel; it was 
seldom adopted but where the parties had been or were 
under an indictment-—His own invention consisted in 
causing all the, smoke afler it had arisen from the fire, to re¬ 
turn into the heat of the fire before it entered into the flue or 
chimney, and so was consumed; 2dly, By putting on no 
more fuel at any one time than the smoke of which can be so 
consumed, and that without opening the furnace door for 
the purpose; 3dly, By supplying every fire with air, in order 
to counteract the effect of those winds that operate against 
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the draft.—Had employed it in ^the fires and boilers of pri¬ 
vate bouseS) under steam engine boilers, and in wealding 
furnaces, where a number of b\in and scraps of irpn were 
packed together, and subjected to an intense heat 5 they 
W'erc, in tliat state, then rolled or hammered into one com¬ 
pact body.—The result however in (he latter case was, that 
although cverj' thing acted according to the puns laid down, 
and the fire was regularly supplied with fuel, and the smoke 
completely destroyed, yet tiic heat necessary to weald those 
scraps of iron together could never be attained, and this was 
inconsequence of the continued repetition of the supply of 
fuel, dainping and preventing that heat coming over which 
arises after all tlic volatile parts of the fuel has been driven 
off; and which heat, being entirely pure, was called a Avhitc 
or wealding heat. The filniaecs requiring a white heat and 
higher tlegrees, were Mcalding, melting and smelting fur- 
imecs, and vitrifying furnaces, as the making of glass and por- 
etjlain. The melting and smelting furnaces were in many in¬ 
stances supplied only witli coke,but witness was not aw’ure that 
a wealding or glass furnace could be at all worked with coke. 
—Considered that a good eficct would be produced by raising 
tlic chimneys; as by increasing the draft the smoke would be 
then more consumed, and by its height more dispersed by 
the wind.—For every tire consuming one bushel of coals 
per day> the chimney should be at least thirty feet high, 
and one foot higher for every additional bushel consumed, 
measuring from the body of the fire.—At the new steam 
engine of 100 horse pow^r at the East London Water works. 
Old Ford, there was a method of consuming the smoke; a 
singular plan Avas adopted at the corn mills at Islington, 
Liverpool; at the corn mills Newcastle, Stafford, a steam 
engine, of 14 horse power, had u^orked for nearly a whole 
day without smoke, owing to the quality of the coal, which 
was only 5d» per cwt. j at the lend mills, Tottenham Court 
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Road, a smAll stoam engine \va9 wotked wtib (oko at (t 
brewery in Stafford, a small steam engine, and a large one at 
the Meddock Mills, Manchester, eonsniued the smoke on the 
patent principles; in all, six different engines.—Remarked, 
however, that under the very best ciicuinstances and con¬ 
trivances, there were times in winch the smoke of crude fi|ci 
could uot be consumed, viz. at the first lighting of the fire, 
and at any sudden changes of damping or raising the fire.— 
The expense of scttiiig up a six horse-engine, on the witness’s 
plan would be about 16/.; and a thirty-.Mx one, about .'10/. or 
32/.; an old furnace could be altered for 16/., and it would 
be about one-tentb saving of fuel; it would !>e ujum the gain¬ 
ing, and not the losing side.—In point of fact, tiic expense of 
the application of ibis patent would be sliorily saved by tlir 
saving of fuel. The same prineiple^would also apply t(» the 
steam packets. The smoking of an ordinary chimney was 
removed by a cominfni tire consinietecl on that principle. 
Tlie expense of altering an old engine of a liuncircd-horse 
j)ower, upon the new principle, would not l>c less than I(X)/* 
—In the making of gas, the coal was only subject to a r(‘d 
heat, and the gaseous vaponr.s of which might be considered 
as distilled over, while the principal part of the fuef renuiincd 
as coke ; but in a common furnace the coal was entirely con¬ 
sumed, leaving only ashes or a vitrified cTnikcr; the smoke 
containing much ammoiiiacal matter, could not be burnt but 
in a.very intense heat, approaching to a white or wcalding 
heat; consequently, when the smoke w'as burnt under the 
boiler it was yery destructive to the metal; but being burnt 
upon his principle, that destruction was wholly avoided j the 
smoke was thus subjected to the required licat, an entire 
change or decomposition taking place, and the product was 
principally ateani j whereas the coal gas never having been 
sul^ectcd to tljat heat, there was greater difficulty in freeing 
it from its impurities; therefore the vapour aiising from 
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burnt smoke, was more pure than that arising from the burn¬ 
ing of coal gas, 

Mr. \ViLLiAM Moult, Assistant to Messrs. Cooks, 
called in ; and examined. 

The former mode of heating the boilers, was by putting 
the coals over the bars in the common way; but his im- 
■proved method was to make tlm flame come over the coals, 
which were laid upon an iron plate, and the flames made to 
pass over the siuface of the coals upon the iron plate which 
lighted the coal at the toj), and tlie red part of the coal was 
next the bottom of the boiler; by that means, the smoke as 
it rose from the coals was consumed in its passage over the 
bars.—I’hc consuni[)lion of fuel of the old boiler wvlh regular¬ 
ly eighteen bushels of coals in twenty-four hours; but when 
altered in this manner, twelve bushels produced a similar 
clTect. Tiio smoke boro no proportion to •what it was under 
the old metliod. Had put up a small boiler for a steam eft- 
ginc upon the same plan, and found it answer. Thought it 
would be applicable to soap manufactories, because their 
boilers were generally long boilers : in some steam engines, it 
would be diliiciilt to do it, because the fire was obliged to 
rise in the front, and pass tliat way. 

Geouge Leman Tuthill, M. D. of Si)ho Square, 
called in; and examined. 

Iklievcd the atmosphere of London to be prejudicial to 
health; the accounts which had been publishe^l at different 
times, concerning the relative duration of life in London and 
in the country, might be considered as having proved that 
duration to be considerably diminished by a residence in this 
metropolis. Ft w-as probable that this depended upon the at- 
mosphere of London. There was a great variety of causes 
which contributed to render that atmosphere unfavourable 
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to health; aod it might be presomed that the (pianUty of 
carbonaceous matter suspended in it, was one of the causes of 
its insalubrity. The rapid advancement to recovery tvliich wc 
frequently sec in sick persons, during a short residence in the 
country, proved the influence which the atmosphere of Lon¬ 
don had upon health ; there were many diseases Incident to 
the human body, in which the influence of that atmosphere 
might be more easily detected than in a state of health. In 
certain diseases of the lungs, especially, it might be proved 
that the smoke of London was prejudicial.—Conceived that 
the fog peculiar to London, so diHV-ront in its sensible pro- 
j)crtie8 from any fog in the coinitrj', depended upon the 
smoke of the metropolis, and was prejndiciid in many diseased 
states of the lungs.—Tlie greater the quantity of carbonic 
acid gas in a given volume of air, the greater would he the 
insalubrity of that air. Ilut in crowded cities, the air was 
contaminated from a variety of other causes, which chiefly 
owed their origin to the exhalations, eitlier from the living 
animal body, or from decomposing animal and vegetable 
matter, when the principle of vitality was extinct.—Conceiv¬ 
ed the smoke arisitig from steam-engine furnaces might be 
prevented: it could be cflected by making the sTnoke pass 
through an ignited tube, whilst the combustion of the soot 
was there assisted by a‘fresh current of atmospheric air. 
Saw no reason why a simple apparatus might not be so con¬ 
trived, as to render that combustion complete. But it ap- 
j>eared to be deserving of consideration, whether this an¬ 
nihilation of §moke ought to be confined to manufactories. 
If, instead of burning common coal> that fuel were first di¬ 
vided, as it now was in the gas-light manu^tories, into coke 
and carboretted hydrogen gas, and these were afterwards 
consumed in union, the brilliancy and warmth which was 
now enjoyed by the Arc-side would, to say the least, be un- 
diminished, whilst the smoke would be entirely destroyed. 
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Tbk be tried witlioat any difficult'} by the judlcu^s 
admiss^B of gas into a comm6n*grate filled with coke ^ the 
materials in fact woul<Lbe the same as of our common fires, 
b»t employed in a state of greater purity. -There'lyas no 
limit to this mode of destroying smoke: and should a plan 
of this miture be hereafter adopted, chitij^iics, as they were 
now constructed, would be quite unnecessary; a small tube 
would be sufficient. 

Mr. William Losh, of Ncwcastle-on-Tyne, 
called in, and examined. 

Considered it impossible to state any thing which could 
be satisfactory, W'ithout referring ^o a plan. Would only 
state, that in some engines which had been erected according 
to witness's plans, the smoke was entirely consumed.—^Was 
of opinion that for smelting ores, long horizontal flues would 
be advisable, and would nearly do away with the nuisance; 
but for glass-houses, witness did not know of any practical 
remedy, 

Mr, William Brunton, of Birmingham, Civil Engineer, 

, called in, and examined. 

Furnaces for consuming •smoke, as they were usually con¬ 
structed, consisted of two distinct parts : Is^ the grate upon 
which the coal was consumed; 2dly, the feeding-mouth into 
which the coal was put (with the shovel) preparatory to its 
being pushed forward upon the grate, at the end of the feed¬ 
ing-mouth ; opposite to that which joined the grate, was 
fitted a door, in which were holes with covers,'for regulating 
their apertures, which atmospheric air was admitted at 
pleasure. The prbeess was thus: wtulst the cool already 
upon the grate was in high combustion, and had ceased to 
smoke, the coal in the feeding-mouth, being exposed to the 
heat of the fire, underwent a degree of coking,* and the 
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smoke vrtw thereby evolveci, which, combined with a portion 
of air adtnittcd at the openings in the door, passing into the 
chimney over the hot fire, was consumed. When the fire 
was to be renewed, the coal thus acted upoA, was forced 
forward upon the grate, still carefully prcser\'ing a strong fire 
of well burnt coal on the farther end of the grate, in order to 
consume the smoke, which would now be given out by the 
coal thus brought into active combustion; at this period a 
much greater portion of air must be admitted, than would be 
needful when the coal last forced forward liad attained its 
full heat. 

The following were the principal objections to ilie general 
adoption of this species of funiaec; First, the process of cok¬ 
ing, or preparing the coal in the fccding-inouth, was veiy im¬ 
perfect, and but a small part of the coal ncccssarj' to feed the 
fire was affected by it, so as to gi^ c out less smoke when forced 
upon the grate. Secondly, though the judicious admission 
of air to enable the smoke to ignite was found advantageous, 
yet a small excess admitted w’as found to have a very injurious 
effect in cooling the boiler; and as the (juantity of air re¬ 
quired for the combustion of the smoke must vary every mo¬ 
ment of the interval between the times of renewing the fire, 
(perhaps fifteen or twenty minutes,) nothing short of the 
greatest care aud unremitting attention to the admission of 
the air could accomplish the object with economy. This 
care on the part of tlic workmen could very rarely be obtain¬ 
ed; and proprietors of steam engines have found that, for 
w^ant of this, the burning of smoke has been too expensive 
for them to persevere iifc-iAVitness having turned his at¬ 
tention for some years to^^this subject, had discovered a 
method by which ^hg smoke might be assumed economi¬ 
cally, and its practicability less objectionable than the methods 
'Sjjually adopted ; 1st, by putting the coal upon the grate by 
^lall quantities, and at very short intervals, say evexy two or 



51 

three seconds; 2dlyy by so disposing of Ibe co^ Upon the 
grate, that the smoke evolved mlist pass over tbalpartof the 
grate upon which the coat was in full combustion, and was 
thereby consumed; 3dly, as the introduction of the was 
uniform in short spaces of time, the introduction of the air 
was also uniform, and required no attention from the fire¬ 
man. As it respected economy, 1st, the coal was put upon 
the fire by an apparatus driven by the engii;e, and so con- 
tfived, that the quantity of coal was proportioned to the 
quantity of w^ork the engine was performing, and the quantity 
of air admitted to consume the smoke was regulated in the 
same manner; 2dly, the fire door was never opened except¬ 
ing to clean the fire; the boiler of course was not exposed to 
that continual irregularity of temperature which was unavoid¬ 
able in the common furnace, and which was found exceeding¬ 
ly injurious to boilers; 3dly, the only attention required, was 
to fill the coal rcceiv’cr every tw^o or three hours, and clean 
the fire when iicccssaiy; 4tli]y, the coal was more completely 
consumed than by the common furnace, as all the effect of 
what was termed stirring up the fire, (by which no incon¬ 
siderable quantity of coal was passed into the ash-pit,) w*as at¬ 
tained without moving the coal upon the gratai—^Conceived 
that in a twenty-horse engine, the increased expense of 
erection would be between ^bL and 100/. 


FIRST REPORT. 

The Select Committee appointed to inquire tiftw far it may be 
practicable to corq]>cl Persons using Steam Engines and Furnaces 
in their different works, to erect them ii^adnanner less prejudi- 
' cii^ to Public health and Public comfort; and to report their 
Observations thereupon to the House agreed upon the 

following Report: 



That fayi the"^vanced period of the Session, at which 
^he i^flSmwent of your Committee took place, it was hot to 
he e3t&|tted that they could form any ultimate decision as to 
the^mise object of^hcir inquiry; but as for as they have 
hitherto proceeded, they confidently hope that the Nuisance 
so universally and so justly complained of, may at least be 
considerably diminished^ if not altogether removed. 

Your Committee have had under their examination. Men 
whose minds have been long and practically directed to the 
extinction of the evil; and from their Evidence, the House 
will be enabled to judge how far their opinions correspond 
tvith those of your Committee. 

The disinterested communications made by Persons wliose 
private interests might have led them to a different line of 
conduct, cannot be too highly valued and extolled. 

July 12, 1819. 


SECOND REPORT, 

Frmn the Select Committee on Steam Engines^ 

Furnaces, ^c, 

MICHAEL ANGELO TAYLOR, ESQ. 

In the Chair. 

Mr. JosiAH Parkes, of Warwick, Worsted Manufacturer, 

called in, and examined. 

Had practis^ various methods for reduddg the szno^ 
arising from a mam Engine, for about six years; had somr 
been able to accoib{lKsh the removal of the nuisance,.that for 
about twelve bodjp of the day the smoke was nearly invitiUe; 
had three bpilejt^iW found that in an hour after %lirin^the 
<fire^ there wsurlieai inmugh to q^snnie the whole of the smoke 
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anaing from them. Had adopts a modb of which 
was practised with it, greatly couducive to ecoDOm^f fuel, 
The daily coosomption was twenty-fiye cwt. to the 

engine,dye-house, and washing copper#; while witness? was 
formerly in the habit of using from thirty-six to forty b#&r 
dred weight. Employed steam at a pressure of three pouitds 
and a half on the inch, the ordinary pressure of Messrs, 
Boulton and Watt*s engines. Hadapplied the improved ap¬ 
paratus at Messrs. Barclay and Perkins’s brewhouse, and was 
perfectly satisfied with the vesnlt; and the destruction of the 
smoke was nearly complete. But the NeMxastle coals made 
a great deal more smoke and less flame than the Stafford¬ 
shire, and therefore the destruction of the smoke became a 
much more difficult object. Had an air-valve to regulate the' 
quantity of air admitted to bum the smoke, which was regu¬ 
lated or closed at pleasure. Had reduced the consumption of 
coals, by the combined adoption of the mode of firing with the 
destruction of smoke from thirty-six hundred weight to twenty- 
five hundred weight, daily. When much smoke was being 
made, had uniformly found the draft increased, because, by 
the conversion of the smoke into active flame, the rapidity of 
its passage was facilitated.—Witness wished to state one 
further circumstance; that he believed that this plan of burn¬ 
ing smoke was applicable to works of various descriptions; 
and from the effect produced at Messrs. Barclay’s brewery^ 
under the three boilers that he had altered, he had received 
directions from them to proceed with one of the large brew- 
ing coppers. Thought it might he applied to annealing and re- 
^rberating fhrnaces, and most close fires. charging the 
fire-place, the fuel was gradually pushed backwards as it be¬ 
came ignked, until the whole capacity of the funiace was one 
maal of ooaU; the feed-mouth was also l^en filled up, and 
the door was closed for the day. Thi^nf^uired about two 
hours. Had st^ed that the heat ^^lipcreased by thead- 



54 jffpendis* 

missioii^O^'air to burn tlft smoke; and to amrtain the 
had placed a thermometer in such a posture, 'when 
the smoke was being consumed by the admission of the air, 
that it stood at 214 degrees; by the sudden closing of the air- 
valve, the smoke passing away unconsumed, the thermometer 
fell to 200®. The appearance of the flame when no air wa* 
admitted was red and dusky, intermixed mih quantities of 
smoke; and large quantities of soot were seen to come ov6r 
from the fire with it; but when the air was admitted, the 
smoke caught fire with a brilliant white light, and the soot 
was evidently consumed. It was tlic combustion of the 
charcoal which produced the light. The expense of altera¬ 
tion upon witness's plan would be but trifling, probably 
about 20/. or30f. to each boiler; but the premium had not 
been determined. As a proof of the small expense, and the 
little time attending the necessary alterations, the three 
boilers at Messrs. Barclay's brewery were altered in five 
d^-s. 

Mr. WuxiAM Phipson, of Birmingham, called in, 

and examined. 

A 

Had paid a great deal of attention to the different plans 
that had been suggested for burning smoke, and had found 
them in general, if not always, attended with an increased 
iponsumptioD of fuel; and likewise so much care and skill 
required from the fireman as was seldom to. be found in per¬ 
sons so employed. Had succeeded in considerably diminish¬ 
ing the smoke; but was very far from the perfection which 
had been obtained by Mr. Parkes. Had been many years 
acquainted with Mr. Parkes, had watched very dosely the 
improvements that had been making within the last few 
years at bis mill/ and had found that he had succeeded for 
some time past, in a^uch more complete manner than^ny 
Other person, end now, considered that he had attained com- 



55 


plete iticcess in the consumption of smolce^ attended with a 
considerable saving of fuel. Had seen the furnaces at Messrs. 
Barclay's brcwhousc since they had been altered^ i^d con¬ 
sidered the destruction of the smoke |s complete there as at 
Mr. Parkes s at Warwick. Had heard it remarked that 


there was still a great quantity of smoke at Messrs. Barclay 
and Co.’s; this a|;ose from three large brening-coppers, which 


^ had not been altered by Mr. Parkes; and the issue of smoke 

\ from those coppers was so great as to deceive persons who 
viewed the works from a distance. Believed Mr. Parkes’s 
plan was applicable to all kinds of boilers, and to most kinds 


of close fire-places, but not to open fires. 


Frkderick Perkixs, Esq., called in, and examined. 

Had been induced to tiy the method which Mr. Parkes 
had invented for abating the nuisance of smoke, and had ap¬ 
plied this apparatus to two boilers, and believed they were 
altered in the space of three or four days. When worked 
there was no stnoke excepting at the first lighting of the fire; 
after the fire was made up, and a regular heat produced, 
little or no smoke escaped fi-ojii the chimney when the air 
valve was open. Believed that the coitliumption of fuel was 
decreased; but could not say decidedly. 


Mr, James SruRREi.L, Brewer, in the Employ of Messrs, 
Barclay & Co. called in, and examined. 

Before the adoption of Mr. Parkes's alteration for con¬ 
suming the smoke, had made a very considerable portion of 
smoke from the steam engine, but since the adoption of Mr. 
Parkes’s plan, there was scarcely any smoke after the first of 
the morning; the fire, when once made up, would last from 
ten to twelve hours. The application had also been made to 
another copper, wliich was called thc^ l^lowing-off copper, for 
dowiiig-off and steaming casks, and there the plan had been 
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as successljd^ in the steam gngiue, very much 

&ctiou uTOt bouse. Thought that the consumption^ coal 

would be reduced in the blowing-off copper, 

iSii 

Mr. Benjamin Hawes, Jun,, Soap-boiler, called in, 

and examined. 

Had altered a steam engine furnace unJer Mr. Ptrkes’s 
direction, and found a very considerable reduction of smoke 
in consequence; with respect to fuel, could hardly state 
whether there is any saving, not having had the returns. 

• * 

Chaisles Mills, Esq., a Member of the Committee, 

examined. 

Had been at Warwick, and seen Mr. Parkes’s manufactory. 
Saw the three furnaces in operation, and had an opportunity, 
by looking into the fire-place, of seeing the difference that 
M^as caused hre by the opening and shutting of the air- 
valve. In there seemed to be a thick smoke, and 

the fire clouded^ in the other case the smoke was wholly re- 
mqved, and tlTei^ was, a perfectly clear fire. Went out of the 
eugine^use into the court, to observe the top of the chim¬ 
ney: in one case observed scarcely any smoke visible coming 
from the chimney; in the other, when the alteration was 
made, to try the experiment, found a very considerable 
quality of slnoke to arise. 

* 1>UGPALB Stratforp Diiopalb, Estj., a Member of the 
Committee made the following Statement. 

•6 

Had attended Mr. Parkes's manufoctoiy, for the purpose of 
seeing the trial of the experiments for consuming smoke by 
a method he had lateljyntroduced, which appeared to be 

I * 

veiy ^pie, and at the san^ time to be perfectly eSicacions. 
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Michabi. Akgelo Taylos^ Esq*^ CliainnaD of the ^znmittee, 

made the following Statement. 

I was applied to about six weeks ago to take Wai^ck in 
my way to Loudon, for the piy:pose of seeing the furnaces 
that were used in tlie w'orks of Mr. Parkes. I of course ap¬ 
pointed a time, and on my arrival at Warwick, in company 
with Mr. Dcumanf a member of this bouse, went into the 
manufactory of Mr. Parkes, and made every observatiem I 
could to satisfy myself of its efficacy in meeting the object 
which I hud in view, that of diminishing the smoke of fur¬ 
naces erected for the purposes of heating the boilers used for 
.working steam engines* and for furnaces necessary in different 
branches of manufactures, as well as in brewhouses. % never 
thought, as far as my present inquiry and observation was 
directed, that the experiments which had been made, and 
which had been reported to me by Mr. Parkes other 
gentlemen, could lessen the smoke that aris^ from furnaces 
used in the smelting of ores, or in the of glass- 

My object in going to Mr. Parkes’s was to as%itain bow far 
his experiment could succeed in furnaces of the description I 
have before alluded to, let their power and extent be what 
they might, and to judge from every experim^t I could^fere 
make, whether his plan would be generally applicable. On 
going into Mr. Parkes’s premises I could not perceive the 
least smoke arising from any chimney in the plac^^ so much 
so that I was at a loss to ascertain which was the chimney 
attached to the furnace which supplied the heat for the 
steam engine. I also noticed very accurately the garden 
which immediately adjoined the furnace# to see if from the 
flowers and from the different plants that wfirc in that gar¬ 
den there was upon them the affection of soot or smoke; 1 
could perceive none, though I inspected tbenr^ry narrowly. 
I was anxious to make this trial, from experience 

that the volumes of smoke which issue from the furnaces on 
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every side<^the river ThameB opposite my own house, actually 
blacken eveiy flower I have in my own garden at Whitehall. 
I afterwards went to the bleaching-ground, to judge whether 
there were any marks of soot,pr smoke upon the tenter-rail, 
on which w'ere always bung the dilfcrcnt articles for bleach¬ 
ing ; I found uo appearance of soot or smoke; the blcach- 
ing'ground was almost adjoining to the furnace. On going 
into the place where the furnace was erected, I desired 
that I might bo allowed to assail the furnace in what¬ 
ever way 1 chose, and by any experiment I thought proper 
to make; I mean by the word, assail, to sec if by any expe¬ 
riments of mine I could create smoke. In the first place, I 
desired that the furnace might be opened and raked for a 
considerable time; no smoke was occasioned, indeed none 
bad issued. I then directed that the valves which secured 
Mr.Parkes's experiments, and gaveeflcct to his object, should 
be shut, and immediately the place was involved in smoke, 
which ceased 031 resorting to the apparatus again. Not sa¬ 
tisfied with that, I desired that a very large body of coal 
might be put into the middle of the fumacc, and that Mr. 
Parkes’s appwatus should remain in the way it did remain 
when’ I saw no smoke; I then inspected whether or not, 
from that immense body of fuel, which I put on adventi¬ 
tiously, any smoke issued; none appeared. On the shutting 
of the different air-valves, an immense body of smoke issued; 
this convinced me that his apparatus was perfectly adapted 
to the object I had long in view; and that though' many 
others had rfiet my obseiwation, yet none appeared to me 
so simple as his; and I desired Mr. Parkes to come to Lon¬ 
don, and apply in iny name to persons who had steam engines, 
and see if they would permit him to have their furnaces so 
altered, that the public might judge whether or no his appa¬ 
ratus would give as /mt a promise of success in London as it 
had done at Warwicld ’ I waited on ’Messrs. Barclay and 
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Perkins a few days ago, in company with Lord Harewood^ 
Lord Rosslyn, and several other gentlemen, many of them 
Members of this House, to see whether the experiment had 
succeeded in the furnaces attached to that brewery. Every 
trial was made in my presence, and every trial succeeded; 
and I have no doubt that if there was occasioi^ several Mem¬ 
bers of this House, who were present, would attend and give 
evidence to the same fact. The success of the experiment 
was as complete at Messrs. Barclay's as it was at Mr. Parkes's 
at VA'^arwick." 

Kirkman Finlay, Esq. a Member of the Committee, 

examined. 

Had been with other members of this Committee at Messrs. 
Barclay's brewhouse, and was quite satisfied as to the reduc¬ 
tion of the smoke in the furnaces to which Mr. Parkes’s ap¬ 
paratus was attached. 

Mr. William Brunton, Birmingham, called in, and 

examined. 

Had lately erected eight fire-regulators, all of which had 
given the greatest satisfaction as regarded burning the smoke, ■ 
one of which was at the Whitechapel distillery, and another 
at Liverpool; and they had uniformly effected a saving of coal, 
which on the average was more than 30 per cent. They 
were applied to boilers which were originally erected by 
Messrs. Boulton and Watt, and justly considered upon the 
best construction of the common furnace. "In London, a 
grate of five feet diameter, consumed three bushels per hour; 
in Staffordshire and Lancashire, about three hundred weight. 
First, by the use of the fire-regulator there was much-less 
scoriae or clinker formed from the same quantity of coal than 
in the ordinary fire, and that was formed in thin laminae upon 
the grate; and in general, while three bushels of cqals per 
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boor were:$Q$lumingupoD ih^ grate, the bars we«<e seldom so 
hot 88 to difl^lour writing paper, when pressed against them. 
Secondly, another effect, of considerable importance in Lon¬ 
don, was that the fire-bricks which formed a part of the fire¬ 
place were not even vitrified, and w'ould therefore Ii^t very 
much kmger than in the usual funiace. Thirdly, the boilers, 
in consequence of the regularity of the heat, might fairly be 
expected to last much longer^ and the supplementary boiler, 
on which of course the greatest wear would take place, might 
at any time be taken clown, w^hile the principal L>oilcr, with 
all its connecting pipes, remained unmoved. 

In the fire-regulator, first, by the very equal distribution 
of the coal upon the surface of the grate, a thin fire and 
a sharp draught was maintained, and this was etfected by 
the coal being introduced in small quantities falling upon 
the whole of the area of the fire in regular succession. Se¬ 
condly, the coal was introduced upon the fire without open¬ 
ing the fire-door; and this was effected by dropping the 
coal through Ae roof of tht^^ supplementary boiler. Thirdly, 
the decompomtion of the coal was much more |)erfect 
than by the common furnace, and this w^as effected by the 
revolving of the grate, which exposed each side of every 
piece of coal on the grate to the current of the fire passing 
constantly in one direction across it. Fourthly, the intro¬ 
duction of the coal was completely governed by the steam 
generated, analogous to a water-wheel, governing by its ve¬ 
locity the quantity of the water permitted to fail upon it; 
thus, coDstderUig the production of the steam as the effect, 
and the introduction of coal as the cause, the former had a 
perfect check over the latter, and at no time admitted more 
coal into combustion than was really necessary for the per¬ 
formance of the work which the engine was then 4oing* 
Fifthly, the wjipile fq>paratus, beiug a very simple mechanical 
arrangemeal^ acted independently of cither the skill or the 
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carelessness of the fireman. Nc^coaU should be put npon a 
steam engine fire until they were small enough to pass a 
three-inch mesh; therefore the necessity of breaking the 
coal to that size was advantageous. Had lately burned a * 
species of small coal, which had till now l>een regard^ as 
perfectly useless; and as such there were thousands of tons 
encumboring the ground in the Staffordshire collieries, inca¬ 
pable of being used with effect in any other furnace than thp 
fire-regulator; and this hitherto supposed inibbish had pro¬ 
duced 70 per cent, of the effect of saleable coal; thus bring¬ 
ing into use that which was of no value.—In obtaining the 
maximum effect thought it advisable to employ a thin fire, 
with a sharp draft, witness being of opinion that the greater 
quantity of oxygen brought into contact with the coal in com¬ 
bustion, the greater heat or effect was produced from it. -The 
fire-regulator, and the other modes proposed for burning 
smoke, stood upon very different grounds; for the value of a 
boiler as an implement for generating steam, depended upon 
the quantity of coal which might be burned under it produc¬ 
ing a maximum effect; and when any change was made in 
a furnace, by which either the quantity of <?oal consumed 
with maximum effect was diminished, or the effect of the 
same quantity of coal decreased, in either case Jt was injuri¬ 
ous. The fire-regulator, while it increased the quantity of 
coal consumed, increased the effect also, and thereby increased 
the value of the boiler to which it was attached, as it would 
raise a greater quantity of steam at a much less expense. The 
usual plan adopted consisted of a mere change, in the form of 
the furnace, which when appreciated by the proprietors, was 
of no more value than it was before; but the fire-regulator 
made a positive addition to the size of the boiler, and was 
tangible property, and when the propoetor took his stock 
stood for its own cost. 
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Mr. JamIq Scott Smith, Distiller, tailed in, and examined. 

Had found that they could consume the smoke to a very 
great extent, and although it M^as not completely invisible, 
yet it \vas never offensive. Had never understood that it was 
possible to consume the smoke entirely. The fire-r^ulator 
invent^ by Mr. Brunton had many advantages; 1st. The 
boller84o which it was attached liad their power greatly in¬ 
creased ; would last a longer time, and would not be so liable 
to leak as those on the old plan, which arose from the cir¬ 
cumstance of the fire-door not being opened to introduce the 
, fuel, consequently the frequent draughts of cold air were ex¬ 
cluded, and the boilers retained an uniform temperature. 
2ndly, There was a great saving of fuel, viz. 38 per cent, 
and this was the average of a threc-wceks* experiment with 
the fire-regulator, compared with the work of three men ia 
a three-weeks' experiment on the old principle.—Considered 
Mr. Brunton's machinery and alterations altogether, had cost 
two hundred and fifty pounds. 

Mr. William Brunton, again called in and examined. 

Conceived that the general expense of altering an old fur¬ 
nace for the purpose of applying improved apparatus, so as 
to make it effectual to a twenty-horse engine, would be about 
three hundred pounds; out of which the patentee received 
about sixty or seventy pounds, 

Mr. Peter Whitfield Brancker, Sugar Refiner, called in, 

and examined. 

Had applied to Mr. Brunton to erect an additional boiler, 
having Jieard that it would also have the effect of burning the 
smoke. The apparatus was finished early in May. Had 
watched the process carefully, and took notice of the differ¬ 
ence of the power of the steam, and the quantity of smoke 
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compared with what was emitted formerly, and/Xound that 
although the apparatus was not perfect for want of the other 
boiler being also fixed, that the quantity of smoke was very 
trifling indeed, little or nothing, and that the power of.steam 
was very much increased ; the quantity of coals saved, as far 
could be judged, was something better than one-fourth, about 
30 per cent. Was perfectly satisfied witi’ the result, ^ich 
had caused a good deal of inquiry in Liverpool, many per¬ 
sons having been to examine the apparatus. 

Mr. John Wakefield, called in, and examined. 

Thirty years ago was acquainted with the town of Man¬ 
chester. A Mr. Drinkwatcr had then erected the first mill 
that was built for mule-spinning in England, in a populous 
part of Manchester; who did not wish to be offensive to his 
iieigiibours there. Witness had turned his attention to 
that subject with Boulton and Watt’s assistance, and con¬ 
sumed a part of the smoke, but it took more coals by tep per 
cent, than the old mode. In the year 1816 again turned his 
attention to this subject; it was much wanted in Manchester, 
and no progress had appeared to be made. In 1817j print 
works were erected near to Earl Wilton’s, at iJeaton, on his 
lordship’s property; this was to be on copdifion that they 
should make no nuisance on his grounds, which witness had 
done with a low chimney, not so high as that of the houses: 
the next was Mr. Jonathan Pollard’s, who had an engine set 
up by Boulton and Watt, and he tried a smoke-burner made 
by Mr. Robertson of Glasgow, but it did not give^satisfaction. 
His principle was applied, which saved twenty-five per cent, 
in coal, and consumed the smoke completely,, except a little 
at the renewal of the tire, which was now obviated. Mr. 
Jowle, a brewer in Salford, w'as under indictment by the 
magistrates for a nuisance occasioned by the smoke; he ap¬ 
plied to witness, hearing Mr. Pollard’s was done, and the 




Appmdift 


alteration made nnder^hifl brewing cofipeia ; U^ad the 
desired effect, and he so much approved of it, by its saving of 
twenty-five per cent, and making his premiiies dewier^ that 
he bad his steam engine boilers altered, for whiefflie was not 
Indicted and he also had other works where he had altera- 
tiona^ ntade in the same manner.—Had'upplied thesiiDe in- 
vm^ntoolher works at places for calico-printing, where the 
pie^ lay on the ground, and where the oxides of iron and 
bU^hr stained them, whicli inconvenience was now obviated 
to satisfaction. The expense of witness’s^ apparatus 
for ii^^wenty-horse power engine would be twenty or 
twenty-five pounds, belklcs the charge for remuneration. 


REPORT. 

T*e Select Committee appointed to inquire how far it may be prac- 
9 . ticable to compel persons using Steam Engines and Furnaces in 
their different works to erect them in a manner less prejudicial to 
puUie hesMk hnd public comfort ^ 'and to report their Observa- 
ttoDs thcreuptA to the House ^—Have, pursuant to the Order of 
the Hou8^%iamined the matters to them referred; and have 
agreed to the following Report: 

Thb revival of your Committee has afforded a full oppor¬ 
tunity of ascertaining how far the reduction of smoke in fur¬ 
naces (^ different descriptions can be practically accomplish¬ 
ed ; and the e\ddence detailed already, will shew that the 
^bbject the House bad in view has been satisfactorily and 
efifectntQly obtained. 

•j 

July 5^ 1820. 
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6tat, 1 and 2. Geo, IV, Cap,4\, entitled 


AN ACT 


Fur giving greater Facifity in the* Froaecution and Abateifii^ ^ 
Nuisances arising from Furnaces used in the working 
Engines,—^To commence Sept. 1st, 1821. l]y 




Whbueas great inconvcnieucc arisen, and agi^ de 


grec of injury has been and is now sustained by bis MtQiBty*s 
.subjects in various parts of the U4ted Empire, from the 
improper construction, as well as^from the negligent use of^ 
Furnaces employed in the working of Engines by Steam: 
And whereas by law, every such Nuisance, l>eirig of a public 
nature, is abatable as such by indictment; but the expenses 
attending the prosecution thereof, have deterred parties suf¬ 
fering thereby, ftom seeking the remedy given by Jaw:—Be 
it therefore enacted by the King’s most excellent Majesty^ 
by and with the advice and consent of the Lords Spiritual 
and Temporal, and Commons in this present^Parliament as¬ 
sembled, and by the authority of the same^vDutt it shall and 


maybe lawful for the court before whom indictment 

shall be tried, in addition to the judgment pronounced by 
the said court in case of conviction, to aw^rd such costs as 
shall be deemed proper and reasonable to the prosecutor or 
prosccutore, to be paid by the party or parties so convicted. 

And be it further enacted, that if it shall am>ear to the 
court before which any such indictment shall be tried, that 
the grievance may be remedied by altering the coostmetion of 
the furnace, or any other part of the premises of the party or 
parties so indicted, it shall be lawful to the| «coart, without 
the consent of the prosecutor, to make such order touching 
the jiremises, as shall be by the court thought expedient 
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for prevenlifig the naUance in future, tefore paasing final 
seuteooe upon the defendant or defendant* so convicted** 


MINUTES OF EVIDENCE, 

* 

Before A Select Committee of the House of Commone on 

.V..T ^ ^ 

Steam Packets. 


SIR HENRY PARNELL, BARONET, 
In the Chair* 


G^ftOE Hbkrv Frbbling 

Had the principal Management of the Holyhead steam 
packets.—^The Postmasters General having been obliged to 
purchase all the saiHng packets, and to clear the station for 
the introduction of those vessels, the object was, at first, to 
make the steani auxiliary to the sailing packets, but it was 
found that the steam packets could do even more than the 
sailing packets, consequently two sailing vessels were kept 
as auxiliary to the steam*—Had three steam packets em¬ 
ployed ; the Royal Sovereign of 210 tons, and the Meteor of 
190 5 the Sovereign is fitted with two engines of forty-horse 
power eact^aiid the Meteor with two engines of thirty-horse 
power; they were both constructed by Boulton and Watt, 
and the vessels built in the river Thames, by a person of the 
name of Evans, at Rotherhlthe, on purpose for the service, 
under the inspection of the officers of the Navy Board ; they 
were built upon Sir Robert Sepping*s principle of the diagonal 
fasteuing, ahd made particularly strong. The third is the 
Ivanhoe, of 165 tons; it was formerly on the Holyhead sta¬ 
tion as a private vessel, and has an engine of fifty-six horse 


, Esq. called in, and examined. 


* By Secdoa 3. it is provided, that the provisions of this act 
shaR not extend to Steam Engines employed solely in the working 
of mines, or smelting of mettfs- 


Append^, 07 ' 

power. The general effect of th^ experiment^ 9D n^rd to 
maiutaifiing a communication between the two eotmtrics, baa 
been, that, the intercourse has been very much facilitated; it 
is now almost reduced to a certainty. In the year preceding 
*the introduction of the steam vessels, a hundred mails mcactly 
arrived in London after they were due, and in the nine 
that the steam vessels have been running since May last, 
there have been twenty-two only. The weather at the ban¬ 
ning of the winter, was worse than has been known formore 
than sbety years. Had proof that the steam packets would 
go to sea in weather when sailing packets could not haregose 
to sea; the captains had always consilcrcd that it would not 
be prudent to go to sea, if they were obliged to be under a 
thrcc-vecfcd mainsail, and the steam packets had gone out 
in weather iu which the sailing packets would have been 
obliged to be so. The average of the passages of the Sove¬ 
reign from Howth to Holyhead, was six hours and fifty-seven 
minutes, and the Meteor seven hours and four minutes and 
a fraction. To Howth, the Sovereign seven hours, thirty-six 
miuutes and a quarter ^ the Meteor eight hours and thirteen 
minutes: the shortest passage was from Howth, five hours 
and thirty minutes. The beat point for a vessel, in 

very bad weather, was directly head to windboth wheels 
could then act at the same time. The captains ^metimes 
kept the vessel away, when it was blowing veiy strong, two 
or three points j then, when they got on the opposite coast, 
th^ would take in their sails, and steam to the harbour in 
smoother water. Conceived that the success of these two 
vessels, the Sovereign and the Meteor, might be attributed 
to the sujjerior manner in which Aey were constructed. 
Had attempted to gain some information alnmt every steam 
vessel which bad been built, and was convinced those 
vessels would do what no otbec^' vu$5d could do^ they 
would go to sea in weathe^^oa nothing else conk). 


Attributed it not only to tbe nitichin^, but to the Weight of 
the%cill} a lighter vessel 'in a heavy sea would l)c checked, 
btft those vessels had from their weight a momentum so 
j^^at, it carried them on .wbeii a lighter vessel would 

have checked; the weight acting as a fly-wheel,-*-Was • 

of opinion that three packets were a sufficient number for 
tOidnWihing the communication between Holyhead and Dub¬ 
lin^ w^at two should^sail every day. With the view that 
there Alight be a sufficient time allowed for looking over the 
modh^Fery and the vessels, it was arranged that they should 
each be six days at sea anti three days in harbour, which 
aflbrded ample time ft^inspecting the machinery; and that 
bad been fixed in a great measure with reference to the eu* 
gineers themselves, who stated that that time was more than 
sufficient for it.—^There had been some accidents to the 
engines, but these had been attributed to the use of cast iron; 
the cross bars and the beams were of cast iron, and if any 
water w&s in the'c}dmdcr at starting, the check caused the 
cast iron to break; had now got them made of wrought 
iron, but the lower beams of the'engines were still made of 
east IrGQ} th^h'e most be some part of ^ engine left to give 
way in ease of any emergency, which' was better than de- 
sfrOyhig thfeey'Bnder.-->Be]ievcd the Postmasters General had 
some idea, of trying whether what are called’ Scotch engines, 
might not be '^tter for a third vessel, in case of one bdng 
built; they were more simple*,though perhaps not quite so 
efficient, hot so liable to derangement, and were conse¬ 
quently bdtter for a heavy sea; and if the vessel was properly 
built, witness did not think there could be any*great dHfer- 
dhee iii the rate of speed.—^The boilers in the Holyhead 
packets wi^e low pressure: Believed Mr. Watt was the in¬ 
ventor of ttl^ ori^id high-pressure engine, but afterwards 
abandod^lt oar ad^unt bf the dan^.—^No eases of kte 
had^ happened of accidehtjj^ the bursting of boHers. 


Gmorgb Henry Frkkling, Esq. again Cfdi^.io, and fur¬ 
ther exam^jed. , 

Wished to explain some parts of his evidence g^ven in a 
former day. Did not put any Wl or coals over t^^boU^, 
•which was the cause of the Robert Bruce catchinpbfe and 
being burnt. The coals are stowed in iron cases made fnt 
the purpose, in the engine room. The other point waaas to 
the Ivanhoe, Witness was asked whether she was so strong 
as the other vessels, the answer was simply No.” But 
she was not three years old ; she was inspected at Liverpool 
a short time ago, and appeared^ strong as any of the steam 
vessels, except those on the HolyhUd station.—On board 
the Royal Sovereign there are twenty births, and two rooms, 
one for ladies and one for gentlemen. 

Captain William Rogers, called in, and examined. 

Commanded one of the Holyhead packets. Had cross¬ 
ed in the Meteor on the 5th of February, in the heaviest 
sea witness had seen during the eight years he had been in 
the station. Went in the Meteor on the 5th of February, 
when no sailing packel; could carry canvass; they must have 
laid to; left at nine at night, and arrived at six the next mom- 
iug. Was satishedhis steam vessel was capable of perform¬ 
ing what no sailing vessel could do. Had found that a steaip 
vessel was capable of making her passage much sooner, under 
all circumstances, than a sailing vessel; in one-half of the 
time upon the average. With the wind at W. N. W. blowing 
hard, and leaving Holyhead in a gale of wind, witness had 
found a steam vessel had been much easier than a sailing 
vessel; their cxtienie length overcame the short sea.—In 
building a steam bout she ought to have a dne entrance and 
her bow to Hear off, not to shove anjf yaterjb^fore her; any 
water she shoves before her must be ^,ip3pediment to tbc 
sailing ; she should have a bnc en]^ce, a gpo^ bne of 
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AfifpetuMk. 

bmini^, uid Itertraiisome pretty square, and not too high ; 
the more a vessel was stopped from pitching and rolling, tlic 
quicker she would go. Had found with regard to the 
Scotch boats that all their transomes were toa high and too 
narrow, the consequence of Avhich was, that Avith a head 
sea they would go Avith their stern under. Had seen 
them go boat and CA’ciy thing under; the transome being 
square and Ioav and fine under, so us to giA'c them a 
right line of bearing, would stop their pitching and 
rolling, and make them easy on the sea, and add to their 
speed. Tlie Meteor and tht Sovereign were filled up solid 
to the floot-hcad, caulked inside and out, having no tree 
nails, but bolted and copper nailed. ITie bolts AAxrcdriA'cn 
upon a ring, and clenched at both ends. The diagonal 
fastening is a plank three inches thick, fore and aft, three 
and a half thick midships, and nine Avide, leading from the 
floor-head to the shelf, taking in fue or six timbers ; and 
filled by truss pieces into triangles, so that it Avas almost 
impossible that the form of the vessel Avould alter. Would 
prefer Boulton and Watt’s engine to any other ; their boil¬ 
ers were A’ery superior, and neAxr of steam. Boulton 
and Watt had becn^ accustomed to vessels for riAcrs, anti 
the engines were made rather too slight for the channel ; 
the shaft was hollow, and of cast iron, but they had been 
replaced by solid shafts. Sails assisted the vessel v'cry 
much ; had l!feed them every way, except going head to 
wind, within four points of the Avind. ' Had found the 
Sovereign go as fast in a calm as at any other time. It 
nftist not be thought that a steam boat running before the 
AVind in a gale and a heavy sea, ought to make the quickest 
passage, as they were then obliged to shut off half the 
steam, or of it; for should the full power be on, 

the wheds rimhiiig two or three times round without 
touching anything betAveen the trough of the sea, and then 
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being brought up all at once^ soBteihhxg Would probably 
give way. of opinion^ that in the event of the engine 

failing, with the assistance of sails and the anchor, the 
packet mig^t be kept in perfect safety. 

V < 

Captain William Rogers, again called in, and forther 

examined. 

On the 16th of May, blowing hard from the S. W. 3. p. m- 
witness left Gravesend on board the Sovereign, in company 
with the Meteor steam packet;, with seven or eight men on 
board of each. At nine anchored in the Downs, blowing 
very hard; she rode very easy with thirty-five fathom cable 
in five fathoms water. On Thursday, the 18th, fresh gales 
from W. S.W. 5. a. m. weighed anchor and steamed for 
Poitinnouth ; wind dead on end. 4. p. m. made the Owers 
light; hazy weather. 9. p. m. very heavy gales and thick 
M'cather. Asked the engineer what coals he bad on board, 
and was told five hours ; were then obliged to steam in for 
the land. At 10 made the Nab Light upon the starboard 
quarter, about a quarter of a mile; shortened steam for 
the Meteor to come up. At 11 anchored at St. Helen’s, in 
six fathoms water, with forty fathom cable ; hard gale. 
On the 19th, 3. 30. a. m. weighed anchor and ran into 
•Poi-tsinouth faarbodr ; made fast to one of the buoys along¬ 
side His M^csty’s ship the Queen Charlotte ; were then 
employed in getting coals in, and very bad they were. At 
4. 20. got under weigh and steamed out of the harbour, 
and at 9 passed through the Needles ageunst a flood tide. 
This day wm fine weather, and light airs from the N. W. 
At 1.30. p. M. anchored in Fgimouth harbo^,-aqd remained 
a week to clean the boilers, to oi^ll^t^ d^ks, and so on. 
Sailed from Falmouth the 26th, N. W. fresh gales. 
At 5. 30. past the Longvships Lig^. At 9 in a squall, with 
heavy rain, the wind shifted to the N. E* blowii^ very 
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aad a lieaty^Sa, the vessels fOiag from iJme kaois 
JU>, three and a hal^ bead to wind, blowing hard. At 7 
^ade Lundy Island, bearing £. by S. passed several vessels 
lying to ; passed a large smack, lying to, under close reef¬ 
ed mainsail. At 8 made sail upon the vessels $ stoo<l more 
to the southward into the Bristol Channel, to stnoothen the 
water. At noon more moderate ; water smoother; down 
all smls and steamed for Milford. At 5 anchored in Mil¬ 
ford, found several vessels had been out in the gale and 
obliged to put back ; the vessels that had been put back, 
bound to Liverpool, said they had never experienced worse 
weather before for many years. On Sunday evening, the 
wind more moderate, and from N. to {J. E. At 8 p. m. got 
under On Monday, at 4 p. m. arrived at Holyhead. 

Had beenfive days performing the voyage, with the wind 
right a-head down the English Channel and up the Irish.— 
Considered it impossible for any square-rigged vessel, from 
a first-rate down to a sloop of war, to have cfFcctcd tlic 
same. In the Downs passed several Indiamcn, and 150 sail 
there that could not move down Channel, and at the back 
of Dtingeness passed 120 more. Witness would describe to 
the Committee the exact improvement he would recom¬ 
mend as to the construction of a new steam vesscl.-^hould 


make her a foot narrower, and ruse her fioor-heads a little, 
take off the roundings, with her engines ^ut nearer the cen¬ 
tre, the boilers much lower, and the wheels narrower. Had 
observed in vessels with wide wheels, the lee wheel Avas a 
great deal under the water, and the other out; by the 
width of them U increued the angle ; and although a wide 


wheel was of great advantage in a river, it was a great 
disa^H^l^^e in^a sea : supposing there were two forty- 
horse posv^jC&^es, would not have more than a seven- 
feet two thi^-horse power, six 

and a hstf bb On board the Meteor and 

Sovereiiaii to accidents from fire, there is water all 






round the furnaces and boilers, andthey aiPe kept three feet 
from the bottoiQ« about hfted^ inches from the side, and 
twelve inches from the deck j and it was quite impossible 
that any accident could happen; there is ^water under «nd on 
the sides of the fire places; in those hpats that are^ fitted up 
ii|X)n the Clyde there is nothing but brick and mortar below 
the furnaces. The Meteor and Sovereign have iron. 


Captain William Rogers, again called in, and further 

examined. 

In the cvjcut of building a new steam packet, wouldib- 
commend that she should be built on Sir Robert Seppiog’s 
plan, as to mode of fastening, &c. only a little finer at 
each end, and one foot narrower than the Sovereign and 
Meteor, to be 95 feet in the keel, 105 or 106 upon deck, 
and 19 feet in the beam, about 180 tons, her transomes 
square, and not very high out of the water. The improve- 
iiients in the engine would be to make them a little strong¬ 
er, and the boilers a little longer, keeping them more from 
the side of the vessel, so that the heat might not affect her, 
and more room to go round them, and to put the boilers 
lower down. It would help to prevent their rolling. The 
Talbot’s boilers arc a little higher than the Ivanhoe’s j by 
putting the Ivanboe’s lower down, found she did not roll 
near as much. Would have the two main beams put close 
to the wheel, which would reduce the weight vwy much, 
and strengthen and make the vessel much easier, as by 
being so far asunder adds great weight, and acts as a lever. 
There should be twelve paddles, about seven feet long, and 
nineteen to twenty-one inches wide. The engine should 
be something between sixty and eighfj-horse power, but 
this must depend upon the. finen^ vessel, and the 

water she will draw. If the engine iWis to be made much 
stronger, in that case must go. fitirther Uian two thirty- 



7i 

harm ^wer eogineB, as tb^ tti« we^t might be too 
anodL ^ottld reconuoeiiJ, with r^ard to the aaiis, a 
large lug forward^ nod a jib, and a fore and aft mainsail; 
md in case any thmg should haj^n to the engine, woxild 
keep a sqnare topsail on board, and a gaff tojKail aft, but 
not to be used except in case of necessity. 

Mr. James Brown, called in, and examined. 

Belonged to the house of Boulton and Watt. Super¬ 
intended the erection of the engines on board the Meteor 
and Sovereign steam packets. Generally considered the 
working parts, the cross bars, the side rods, and the side 
beams moat liable to fiul. Attributed the cross bars having 
broken on board these vessels, in some instances, to want 
eff oautkm on the part of the engineer, and in other cases 
from stress of weather ; Biey were now made of wrought 
iron for sea vessels. Had put engines into most of tlic 
vessels on the river Ihames, the Dover station, and Leith. 
Upon the Leith station one or two cross bars had broken, 
and that was entirely from want of caution on the part of 
the engineer in starting the engine ; Uic other vessels were 
the Dasher and Arrow, on the Dover station ; ffierc was 
one accident of a cross bar breaking in the Dasher, Did 
not exmeeive that an engine could be made xvithout being 
liable to bredc ; there were some parts so small that they 
most give way, and it was better the most insignificant 
parts should fail, than some of the principal ones, because 
they were easier repaired. Would require more room than 
was granted in the Sovereign and Meteor, as it would 
be better to get round the boilers entirely; they could 
then be painted every month, which would be a great 
advantage, for the action of the salt water is very detn- 
mental to the iron ; they ought to be painted every three 
xvecks, or every month ; where a boiler will not leak with 



fresh water, it wHl withaalt water: and itfomtsanincnista- 
tion upon thcBurfacc by exposure to the atmosphere; they 
should be pumped out, and frequently cleaned. Should 
think tjKj engineer generally looked over his engine every 
morning before he started, to sec that every part was pro- 
j>crly oiled, and that every screw and joint was tight. If 
HO inspected, once a fortnight would be sufficient to exa¬ 
mine the packings of the slides and pistons. Would make 
the paddles for a jiew engine the same as for the Leith ves¬ 
sels ; they are made with wooden floats, in one piece, having 
three sets of arms, and the bolts are of a peculiar descrip- 
tifuj, which allows the paddles to slip from the outer end 
of the arm towards the centre of the shaft, by whidi meaens 
a vessel may use her sails the same as any other vessel; 
should any thing give way, there would be nothing but the 
arms in the water. That sort of excessive violence which 
may contribute to injure and break the engine, may be 
otreasioned by any of the working parts getting loose, 
any of the screws getting between the finer parts, or the 
water getting upon the top of the piston in starting the 
engine, the latter of which is occasioned by the con¬ 
densed steam that forms from the boilers after the passage 
is over; it gets through the steam pipe to the cylinder and 
condenses there, perhaps to the depth of 18 inches on the 
top of the piston, and if the engine is started suddenly 
without it being cleaied away, it has not time to get 
through the thoroughfares, TTie consequence-Is, that it is 
jammed between the top of the piston and under side 
of the cylinder cover, and risks the breakage of some part 5 
as water will not compress, something nttiat ^ve way, and 
the weaker parts of course will go first. Hardly thougiil 
it possible that fire could take place without great negli¬ 
gence, because the furnaces were completely surrounded 
with five inches of water round every part, and it was only 
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Appmdis. 

in raking out the flrc^ and neglecting to water it, that any 
accident co^d take place ; it was raked out upon an iron 
floor. No rolling of the vessel could throw the fire about, 
she miist be pitching to a great degree if that was to take 
place. Tile coals arc carried in boxes in front of the 
boilers, so as to be right and left for the fireman. Hardly 
conceived on board these vessels, where coudeusing engines 
were used, that it was possible that a boiler could burst; 
they were generally provided with two safety-valves, and 
Uie steam used was about from two and a half to three 
pounds pressure upon a square inch, at which pressure i t 
blew off by the safety-valve of its own accord.—Boulton 
and Watt had made their safety-valves for many years in 
the way they now are, inaccessible for any person to load 
them by putting additional weight upon them ; had seen 
the Scotch engine men, in starting their engines, place their 
feet upon the safety-valve* Supposing that the safety-valves 
should get choked, the steam would come off at the feed 
pipes ; it would not give way under any circumstance, not 
even though the valves were choked, the pressure M’as so 
extremely small: the boilers were calculated to sustain 50 
times the pressure required of them.—If any part of the 
boiler, by length of use, became vciy thin, and gave way^ 
it would merely rend, if malleable iron. The accidents 
that happened from boilers, sometime ago, arose from their 
being made on the high-preiifsi^ principle, and being made 
of cast iron. The Meteor consumed about seven bushels 
^’bf coals per hour, rather under; she was then working 
above her full speed j the Sovereign was from nine and a 
quarter to nine and a half j the Meteor had two thirty- 
horse engines, and the Sovereign two forty-horse engines ; 
the latter, when using that quantity of coal, was going about 
nine miles and three-quarters per hour. A bushel of good 
Newcastle coal was reckoned equal to one hundfCfl weight 






of Scotch ; so that it cane to r^ry nearly the same 
thing ; the Scotch coal generally burnt veiy free, and so 
did the Stafibrdshire, but the bushel of Newcastle coal 
was equal to a iHindred weight of either. The standard 
bushel of Newcastle coals should weigh eighty-eight 
|>ouuds ; the best Wall’s End, eighty 3 and the Wylam, 
seventy-seven. Had found, that by actual weight, the 
specific gravity of the Wylam coal Was much under 
of the Wall’s End; the latter was not good for workr. 
ing engines. The best coal for steam engines was the 
Halbcath or Inverkeithing, from a place in Fife called 
Inveikeithing ; its peculiar value lay in^ burning free, 
and becoming a complete white ash, without caking upon 
the fire bars ; the sulphur in coals wcmld destroy the fire 
bars in a short time. Had found inconvenience from salt 
forming in the boilers ; when the man-hole cover was 
taken off, and they were exposed to the atmosphere, the 
water then became crystalized, which rendered them very 
difficult to clean ; this had been avoided by constructing 
pumps or cocks to let the water through the side of the 
ship without the man-hole being opened, llie salt water 
oxidates iron very rapidly indeed, if it be allowed to lie 
upon it. On board a steam vessel a boiler constwtly in 
use would last from four to five years with care 3 it was 
the only part of the inachinciy subject to decay. These 
engines, upon the whole, require a considerable degree of 
care and superintendence, and skilful engineers 3 more care 
than the land engines 3 every engine requires great care. 


Captain John Percy, called in, and examined. 

Commanded the Hero steam packet, from London to 
Margate 3 and the Victoiy, belonging to the same com¬ 
pany 5 commanded the Victory for three years 5 the Hero 
was built last' year. The Hero has two engines of fifty- 


7R 


bone potror, made by Marmy and Fenton, of Lecdi», and 
carries 427 tons. Tlie Hero consumes pretty well three 
quarters of a chaldn)n, or 27 biishcls of coals, London 
measure, per hour ; in general, they make awny with six 
chaldrons in the passage, that was owing to the want of 
floes; had oot flues enou^i ; had four furnaces. Tlic dis¬ 
tance finom London to Mmgatc was about eighty-four 
miles; fenerally made the passage in about seven hours 
and a hatf, that was the average passage ; one {vassage was 
made in six hours and sixteen miuutes, with the wind and 
tide. The paddles were eight feet in the centre. Had 
been trying an expaiment with twelve paddles on a wheel, 
and it answered very well ; last summer worked with six¬ 
teen paddles, di|ce feci and a half between each. The 
paddle of the Victory was fi>'e feet and a half, in one place ; 
the Hero worked more with the paddles being fui ther 
apart, and they were lowered a little. They take of tlic water 
about seventeen or eighteen inches^^and the engine makes 
thirty strokes per minute. She once did up to thirty-one, 
but twenty-nine and thirty is about the average.—The 
passage from Loudon to Maigate required, on au average, 
about seven hours and a half, and they went at Uic rate 
of between eleven and twelve miles per hour. 


REPORT. 

Tax Select COTctmhtee appointed to inquire into the state of the 
roads fromJLondon to Holyhead, and from Chester to Holyhead; 
into the l^ulations for conv^ing bis M^esty's Mail between 
London and Dublin, and between the Northern Parts of Bngland 
and Dublin, and between Dublin and the ii^rior of Ireland; and 
into the state of the Mail Coach Roads, in Ireland s and to report 
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their olMerrationA thereupon \ together with theMixurae of the 
£vidrnc& taken before them, from time to time* to tfie House • 
—•Have, pursuant to the order of the House, furdier ezaacuned 
the I^latters to them referred, and have agreed to the following 
He POUT : 

Your Committee haiT proceeded, in compHanee with 
that part of the instructions of the House, which relate to 
the conveyance of his Majesty's Mails between Holyhead 
and Howth, to examine into the circumstances attending 
the establishing of Steam Packets, at Holyhead, in the 
course of last year. For this purpose two vessels, call^ 
the Ro)'al Sovereign and Meteor, were built, by order of 
the Postmasters General, in the River Thames, on a plan to 
give to them the greatest possible strength, and the advan¬ 
tage of the most improved engines. The Evidence which 
has been given to your Committee by a Commander of one 
of them, Captain Rogers, leaves no doubt #f the practica- 
liility of performing the Post-office service at Holyhead, by 
Steam Vessels, with as great safety as it can be performed 
by Sailing ^Vsscls, even in the most tempestuous weather; 
and at the same time by voyages,' on an average not ex¬ 
ceeding onc-half of the number of hours which formerly 
was the average of the voyages of the Sailing Packets. But 
your Committee are not as yet prepai*cd to enter into all 
the details of this importau4 subject; their object in pre¬ 
senting this Report to the House, is merely to convey to 
the House an opinion they have come to, in consequence 
of the evidence of Mr. George Henry l^eeling, and of Cap¬ 
tain Rogers, that the Postmasters General ought immedi¬ 
ately to give orders for buildii^ a new Steam Packet, so 
that at least there should be three Packets on the Holyhead 
Station, before the commencement of the next winter, of 
that peculiar construction which has enabled the Sovereign 
and Meteor to go to sea throughout the whole of the last 

wintnr. 
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Your Committee strongly recommend the same general 
plan of constraction should be adopted in building a 
new Packet, as that on which the Sovereign and Me¬ 
teor were built; and also, thftt the Engine should be 

made bv Messrs. Iloulton and M’att. They also reconi- 

♦ • 

mend that the suggestions of Cuptuin Rogers slioiild l>c 
attended to in all matters resjwcting (he building of a new 
Packet^ at those suggestions will come from a pei*sou who 
appears to your Coinniittce to possess great knowledge in 
seamanship and ship-building, and by the eNj>cricncc of 
commanding a stdhm vessel t{^rough a must tempestuous 
winter,fo have made himself muster of the best method (tf 
managing one at sea, and also of all the main pro|)crtics of 
the mechanism of the engine. 

Your Committee have annexed to tins Report the evi¬ 
dence of Mr. George Heurj^ Frceling, Captain Rogers, Mr. 
J. Brown, andpaptain John Percy, and also certain Queries 
which they have sent to several persons who have had the 
most experience in constructing and navigating steam ves¬ 
sels. They intend to continue their inquiries upon this 
interesting subject, and hope to present to the House a full 
Report upon all its details before the close of tife Session. 

April 2, 1822. 


AN ACT 

To ascertain the Tonnage of Vessels propelled by Steam. 

59th Geo, 3, CV^. 5. Be it therefore enacted, &c. that the 
rule for admeasuring ships or vessels to be pix>pclled by 
steam, shall be ^ follows; that is to say, the length shall 
be . taken on a .Straight line along the rabbet of the keel 
of the ship, (ro^the back of the main stern post to a per- 
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peudicular line from the forepart of the main stem under 
the bowsprit, from which, deducting the length of the en¬ 
gine-room, and subtracting three-fifths of the breadth, the 
remainder shall be esteemed the just length of the keel to 
find the tonnage. And the breadth shall be taken from the 
outside of the outside plank in the broadest place of the 
ship or vessel, be it either above or below the main walea, 
exclusive of all manner of doubling planks that may be 
wrought upon the sides of the ship or vessel; then multi¬ 
plying the length of the keel by the breadth so taken, and 
that product by half the breadth, and dividing the whole by 
ninety-four, the quotient shall be deemed the true contents 
of the tonnage, according to which rule the tonn^e of all 
sucli ships and vessels shall be measured and ascertaii^; 
a*iy tliiiig in any act or acts to the contrary notwithstand¬ 
ing; provided always, that it shall not be lawful to stow or 
place any goods (fuel for the v oyage excepted) in the said 
(Mgine-room; and if any goods shall be so stowed or placed, 
such ship or vessel shall from thenceforth be deemed and 
taken to be a ship or vessel which has not been admeasured 
according to the rules of tiiis Act, and liable to all the 
sequences thereof. 
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Chromological Catalogue of Tf^orks descriptive of the 

Steam Engine* 

Brancas. Le Machine, folio. RomUy 1(»29 

Marquis of Worcester’s Century of Inventions, ISmo. 
London^ 1663, 1746; Glasgow, I767j London 1786, 

IS13 

Papin. Rccucil de Pieces, 8vo. Cassdy 16^6 

Savery. The Miner’s Friend, Svo. London, l/OS 

Isaac de Caus. New Invention of Water Works.* 

London, 1704 

Ars nova ad Aquam Ignis adminiculo cfficacissimc ele- 

vandum. Cussel, 1707 

John Allen. Narrative of several New Inventions and 
Experiments, particularly the navigating a Ship in a 
Calm, and Improvements on the Engine to raise 
Water by Fire, 8vo. London, 1730 

Voyage de La Motraye,en Europe, AsicjCl Afrique, folio, 

« 

3 vol. (See vol. iii. p. 360.) La Haye, 1732 

Hull’s Description of a new invented Machine for 
carrying Vessels or Ships out of, or into any Harbour, 

Port or River, against Wind and Tide, 12mo. London, 1737 

* This' tract contains a very accurate account of Savery’s Engine, 

with PIsit^K 
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Appeudix. 

Dcsaguliers's Course of £xperim<vita} Philosophy, 4to. 

LfOndatiy 1763 

Blackey sur les Pumpes ^ Feu, 4to. Amsterdam^ 1774 

FaU‘k*3 Dcscripiion of an Improved Steam Engine, 

Lmidon, 1776 

Leopold Theatrum Machinarum Generale, jJio, Lips, 1780 
Belidor. Architecture Hydranlique, 4to. Paris, 1782-90 
Bossut. Trait6 Theoiique at Experimental d* Hydro- 

dynaniiqup, 8vo, 2 vol. Pam, 1736-7 

Senphin de Mon Copi, (Euvres dc. 1767 

Prony. Nouvelle Architecture Hydraulique, 4to. 

Paris, I790.G 

Boulton and Wattes Diicctions for Erecting their new 
invented Steam Engine, 8vo. 

Short Statement of Boulton and ViFatt, in Opposition to 

Hornhlovvcr’i* Renewal of Patent, 8vo. London, 1792 
Langsdorf, Lchrhuch dcr Hydraulik, 4to. Altenh. 1704 
Smeaton's Reports, 4to. London, 1797 

Curr’s Coal Viewer, and Engine Builder, 4to. Sheffield, 1797 
Walker’s System of Philosophy, 4to. 1799 

Nieuvve Verhandclingcn van liet Batasseh Genooischap, 

llotterdam, 1800 

Walker on Draining Land by the Steam Engine, 8vo. 

London, ISIS 

Buchanan on Propelling Vessels by Sieani, Svo. 

Glasgow, ISl6 

Dodd on Steam Packets, Svo, London, 1818 

Rees’s Cyclopasdia, Art» Steam Engine. 

Robison’s Mechanical Philosophy, Svo, Edinburgh, 1822 

Philosophical Transactions. 

Papin’s Engine, voh xix. p. 481. 1697 

Savery’s Steam Engine, vol. xxi. p.228.. 1699 

Payne’s new Invention of expanding Fluids, vol. xH. p. 821 1741 
Blake on Steam Engine Cylinders, vol. xlvii. p. 197* 1751 

*f2 
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Smeaton on dc Moura’s Improvements on Savery’s En¬ 
gine, vol. xlvli. p. 4S6, 1751 

Fitzgerald on increasing Steam by Ventilation, vol, 1. 

«,S70. 1757 

« 

Histoirb db L’Academxe Rotalb z>es Sciences. 

Amontons’ Fire Wheel, p. 101 . 1699 

Dupu/s Steam Engine, withDe Moura*s Improvetnents, 
p. Ill, 1740 

Gensanne*s Engine, p. 60. 1744 

Lavoisier on the Expense of Steam Engines, p. 63. 1771 

$ 

Machines et Inventions approuvees par L* Academib. 

Mey and Meyer’s Engine, vol. iv. p. 185. 1720 

Bosfraud’s Steam Engine, vol. iv, p. 19 I, 199 . 1720 

Gensanne’fl Engine/vol. vii. p. 222 . 1734 
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Air-P 0 MP, description of, 128. 

Alcohol, vapour of, its use as a substitute for steam, 35. 

America, the atmospheric engine first employed in, 46. 

Amontons, fire-wlicel invented by, 20. 

Atmospheric engine, suggested by Papin, 10; applied to the 
draining of mines by Newcomen, 17 ; description of, 149- 

Barometer-gauge, its use, 130, 158. 

Bell-crank engine, constructed by Boulton and Watt, 44. 

Billingsley, Mr. mode of boring cylinders by, App. l6. 

Blenkinsop, Mr. constructs an iron rail-ioad for locomotive en¬ 
gines, 50. 

Boiler, employed by Savory, 13G; Newcomen, ihid.'y Boulton 
and Watt, 137; Woolf, 138; Trevithick, 13J>; Brunton, 
Brindley, App. 2, 2.5. Fide Stkam Navigation. 

Books, list of those connected with the steam engine, App. 82. 

Bniithwaite, Mr. evidence upon steam navigation by, 90- 

Braniab, Mr, evidence upon steam navigation by, 80. 

Brown, Mr. evidence by, App. 74. 

Bruncas, suggestion for a liigli-pressure steam engine by, 4. 

Brunton, Mr. evidence upon steam navigation, 106 ; improved 
mode of consuming smoke by, 184; App. 49, 59,62. 

Cartwright, Mr. suggests the employment of vappur of alcohol 
as a substitute for steam, 33; patents for steam engines by, 
App. 9 j 13. 

Century of Inventions, notice of the steam engine to be found 
in, 5. 

Chapman, Mr, evidence upon steam navigation by, 87. 

Clyde navigation, account of, GO. 

Cold water pump, improvement in, App.18. 
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Collinge, Mr. evidence upon*steain navigation by, 85. 

Condenser, introduced by Watt, 27; description of, 128, 155; 
by Mr. Cartwright, App. 9, 

Congreve, Sir William, mode of consuming smoke and saving 
fuel, 182 ; rotatory engine by, App. 41. 

Cooke, Mr. rotatory engine by, 43, 

Counter introduced by Watt, 132, 

Crank and fly-wheel first suggested by Hulls, 18. 

Cylinder and piston of atmospheric engine, 123, 150; by Boul¬ 
ton and Watt, 153; patents for, App. 16,21. 

Deslandes, steam-wheel invented by, 20. 

Diagonal bracing, utility of in steam boats, App. 66. 

Dickson, improvement in steam navigation by, 63. 

Dodd, Mr. evidence upon steam navigation by, 5>9. 108, 117. 

Donkin, Mr. evidence upon steam navigation by, 71- 

Double-acting engine suggested by Falck, 19- 

Draining land by steam engines, 20, 22. 

Edelcrantz, Chevalier, safety-valve invented by, 142. 

Eduction pipe, 155. 

Evans, Mr. high-pressure engine by, 47. 

Expansion engine invented by Mr. Watt. 

Explosion of a steam-boat at Norwicli, 7^- 

Feeding pipe described, 151. 

Fire regulator. Tide Brunton. 

Fire-wheel invented by Amontons, 20. 

Fly-wheel, description of, 132; rule for proportioning, 133; 
dispensed with in a rotatory engine, 180. 

Francois, engine for draiiiing land by, 20. 

Freeling, Mr.'evidence by, App. 66. 

Freemantle, Mr. improved cold-water pump by, App. 18. 

Fulton, Mr. introduces the steam-boat in America, 58, 65. 

Furnaces, witnesses examined by Committee of House of 
Commons upon, App. 44—64; Branckcr, 62; Bi unton, 49» 
59, 62; Dugdaie, 56; Finlay, 59; Gregson, 44; Hawes, 
56; Losh, 49; Mills, 56; Moult, 47; Parkes,52; Perkins, 
55; Pbipson, 54 ; Smith, 62; Spurrel, 55; Taylor, 57; Tut- 
blll. 47 : Wakefield. 42. 
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Galloway, Mr. evidence upon stcaiij) navigation by, 93. 

Gauge-cocks described, 151. 

Gorefnor, description of, 135, 157. 

Hall, Mr. evidence upon steam navigation by, 97. 

High'pressure steam, its use as a prime mover, 36; first em¬ 
ployed to advantage by Trevithick and Vivian, 38; descrip¬ 
tion of, l6l. 

High-pressure boiler, ISS, 139^ App. 25. 

Holyhead sailing packets, App. 66. 

Hornblowor, engine with two cylinders by, App. 6, 10, 23. 

Hull, Mr. steam navigation suggested by, 53 ; proposes the 
employment of a crank and paddle wheels, 54. 

Hunt, Mr. account of American steam navigation by, 75. 

Jessop, Mr. evidence upon steam navigation by, lOQ. 

Kempcl, rotatory engine by, 42. 

Lean, Mr. evidence upon steam navigation by, ll6. 

Lester, Mr. evidence upon steam navigation by, 117. 

Leopold ascribes the invention of the high-pressure engine to 
Papin, 36. 

Locomotive engines, their employment at the Royal Arsenal in 
Pails, 50; advantageously used by Mr. Blenkinsop, ibid,\ 
patents for, App. 37, 40. 

Lushington, Mr. introduces the steam engine to Trinidad, 47- 

Linnakcr, Mr. obtains a patent for improvements in steam na¬ 
vigation, Go. 

Lima, reception of Mr. Trevithick at, 49. 

Maudslay, Mr. evidence upon steam navigation by, 91. 

Masterman, Mr. rotatory engine liiiy, -14,75. 

Mask employed in rotatory engine, 176. 

Mead, Mr. rotatory engine by, App. 32. 

Mercurial-gauge, its action described, 158. 

Meteor, steam packet, App. 66. 

Mississippi, account of steam-boats employed in it^ uavigation, 
66, 77. 

Morland,Sii' Samuel, his ingenious inventions, 7 J table for the 
size of cylinders by, 10. 
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Moura, Savery’s engine improved by, 13. 

Newcomen applies the atmospheric engine to the drainJjjQig of 
mines, 17$ described, 140* 

Nimmo, Mr, evidence upon steam navigation by, 110. 

Norwich, explosion of a steam-boiler at, 71. 

Patents for steam engine, App. 1—43. Aldersey, 43; Barton, 37, 
42; Batley, 9; Bennet, 43 ; Bitlingsle}', 16, 38; Bisliop, 12; 
Blakey, 2; Boaz, 25; Boclley, 3Q; Bramah 15; Bramah 
and Dickinson, 8; Bririilley, 2; Broderip, 36; Brodie, 25; 
Browne, 43; Bruiiioii, 37, 42; Burgess, 8; Cartwright, 

13; Chapman,37; Church,41; Clegg,32; Congreve,41; 
Crowther, 13; Dawes, 39; Deverell, 26; Dickson, 10; 
Donkin, 16; Dodd, SO; Dodd and Stephenson, 3S; Dun- 
kin, 37; Earle, 25; Egells, 43; English, 32; Fesenmeyer, 32; 
Flint, 28; Fox and Lean, 36; Fraser, 41; Fieemantle, 16 ; 
Griffith, 43; Hague, 42; Base, 14; Hornblowcr, (I, 10,23; 
Hulls, 2; Jones and PHinley, 4; Lane, 32; Leach, l6; 
Losh, 38,40; Maiiiwaiing, 40; Malam, 41; Manby, 43; 
Maudslay, 31; Mastcrnian, 43; Mead, 32; Miller, 28; 
Moore, 42; Moult 40; Munro, z/m/.; Muni/, 39; Murray, 
11, 14, 16; Murdock, 11; Neville, 40; Newcomen and 
Cawley, 2; Nicholson, 30; Noble, 32, 37; Oldham 41, 42; 
Penncck,43; Poole,41; Pontifex,42; Preston,31; Price,i5.; 
Pritchard, 43 ; Queiroz, 10 ; Rapozo, ibid, ; Rastrick, 37 ; 
Rider, 21,42; Robertson, 13; Rogers, 39; Routledgc, 40; 
Rowntree, 10; Sadler, 9; Saint, 16; Savory, 1; Scott, 40; 
Seaward, 42; Sharper, 15; Smith, 31; Steed, 6; Stein, 43; 
Stenson, 39 ; Stevens, 25; Stewart, 5; Street, 9; Strong, ih, ; 
Symington, 15; Thomlbn, 9; Tindal, 38; Trotter, 28; 
Trevithick, 15, 33; Wakefield, 63; Washborough, 5; 
Watt, 3, 7; White, 37 7 Wilcox, 19, 29; Wilkinson, II; 
Witty, 33, 35, 37 ; Woolf, 16, IQ, «6, 34; Wright, 42. 
Paikes, Mr, smoke-consuming apparatus by, App. evidence 
in favour of, 53, 57. 

Papin, Dr. describes a mode of raising water by tlie agency of 
steam, 11 ; description of an atmospheric engine by, ibid, 
improves Savory’s engine, Hi. 
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Parallel motion, construction of, 1^2. ’ 

Percy, Capt. evidence by, App. 77* 

Piston, description of, 123; improved by Woolf, 125; ex¬ 
panding metal, by Cartwright, 126. 

Plug-frame, its application, 31, 154. 

Poniifex, Savery^s engine improved by, 145, MQ. 

Portable steam engine constructed by Mr. Smeaton, 35. 

Report of Committee upon steam navigation, 118; upon steam 
engines and furnaces. App. 44. 

Richter, Mr. evidence upon steam navigation by, 103. 

Rider, Mr. improved regulator by, 21. 

Rotatory engine, suggested by Kempel, &c. 42; improved by 
Masterman, 43; patents for, App. 8, 9, 10, 12, 17, 23, 28, 
29, 32, 33, 35. 

Rogers, Capt. evidence by, App. 69. 

Sadler, Mr. rotatory engine by, 9. 

Safety-valve, its use, 140. V’ide Steam Navigation. 

Savery, Captain, obtains a patent for a new mode of raising 
water, 15, 14. 

Smeaton, Mr, portable steam engine, constructed by, 35. 

Smoke from steam engine furnaces, mode of consuming, 180; 
parliamentary investigation concerning, App. 44. Vide 
Patents. 

Snifting-valve described, 151. 

Soho, described by Mr. Darwin, 30. 

Sovereign steam-packet, App. 66. 

Steam, phenomena connected with tlie formation of, 2, 3. 

Steam-gauge its use described, 130. 

Steam-navigation, first suggested by Hulls, 54; attempted by 
Duquet, and the Marquis de Jouffroy, 57. 

Steam navigation, witnesses examined by Committee of House 
of Commons, 70—122; Braithwaite, 96; Bramah, 80; 
Broderip, 43 ; Brunton, IO6; Chapman, 87 i Collinge, 85; 
Donkin, 7l ; Dodd, 99, 108, 117 ; Galloway, 92; Hall, 97; 
Hunt, 75; Jessop, 109; Lean, 116; Lester, I'l?; Mauds- 
lay, 9I; Nimmo, 110; Richter, 103; Steel, 105; Taylor, 




90 


INDEX.. 


81, 89 j mioch, 98 j Vivian, 113^ Woolf, 112 j Wright, 

102 . 

Steam-wheel invented by Deslandes, 20, 

Steel, Mr. evidence upon steam navigation by, 105. 

Suction-pipe, its use in Savery's engine, H6. 

Symington, Mr. description of a steam-boat constructed by, 58. 

Taylor, Mr. evidence upon steam navigation by, 81, 89. 

Throttle-valve, its use, 156. 

Tilloch, Mr. evidence upon steam navigation by, 9S. 

Troke employed in a rotatory engine, 175. 

Ure, Dr, experiments concerning the elastic force of steam by, 
2; suggests the employment of vapour of alcohol as a substi¬ 
tute for steam, 33, N. 

Vivian, Mr. evidence upon steam navigation by, 113. 

Voyage from London to Holyhead in a steam packet described 
App. 71. 

Watt, Mr. James, outline of liis improvements on the steam 
engine, 25, 33. Vide Patents. 

Witty, improved rotatory engine by, App. 33, 35. 

Woolf, Mr. temperature and expansive force of steam by, 39; 
his double-blinder engine described, l64. Vide Patents. 

Worcester, Marquis of, one of the first who suggested the use of 
steam as a prime mover, 4, 5, 6, 7 5 various editions of his 
work, App. 82. 

Wright, Mr. evidence upon steam navigation by, 102. 
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